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CHAPTER I 
THE PROBLEM DEFINED 
Introduction.~~-~ea~~~ng is a basic function of nature 
which comprises a major portion of every person's life. The 
. " -· ~ . ,. ~. -. 
i~portance with wh~-~~ D1.~Ci~ri1 ... ~~ con~~9:er·~ le~rning is 
evidenced by the fact. that schools have been estalillished for 
- ·- .. - . - .. .,. . .. - ~ ·-· - . " .. - . - -. . . . .. ·-
the purpose of pr_om9~_i):l~ --~h~ .p~oce_ss. Educators are coust~ntly 
striving to gain a gr_~a~::r'_~de~~taudi~g_of this p>B.enomena. 
It is obvious -that the efficiency of schools will be limited 
. '. 
to our underst~~i):l&; of t~e ~earning process. Psychologists 
as yet do not agree on_~~~t wh~t lea.rn~ng is. This is 
evidence that the~~-~ow~edge <?f -~hi,s process is far from 
complete. 1\IIuc~--~r<:)g;r~s.s,_ h~w~v~_r-'~-h~s _ be~n __ made during 
the past ? en ~ry, _ la:t:'~ely _a~ a ~~s11~-~ o~ experimental research. 
This study is an effort to contribute to a greater under-
standing of those conditions affecting learning. 
. . . . -- ... - .. -- ·- . . .. - .... -- .·-· . - . -
During the pas~. few decad~s research has been concentrate& 
in three major area~. Variabl~~-affe~ting (1) the individual 
(maturity, capacity, and motivation), (2) the task (meaning-
fuln~s s, diffi~u~ ty, ~<?- _or~~I1~z!::ti?1J.) _, alJ.d (~) method 
(temporal relationships, knowledge of results, and incentives), 
-· . -~ -.. . _, .. ·- . - ·- . 
have been considered. The present study is concerned with the 
effect of time and practice upon learning. This, of course, 
. - . ~ 
is a method variable. 
Considerable research has been conducted in the area 
-1-
' 
2 
of time psychol?g~. The vast majority of this experimenta-
tion has been eoncernea with the relative merits of 
. , I . .. . . '· . " . ·~ ~ ., 
11 dist:r:oibutedll an& 1tmassed" practices.• (Distributed or s])aced 
p_ractices are those in which work lf)erieds ~re "spread out" 
or separated my considerable rest interval. Massed or con-
... .. ·- . . . ..... ,, 
centrated practices are those whieh have little or no rest 
- . ' . ~ - .. ~. . -- .. . . - . 
interval between work periocas). Most studies have shown 
- -
-~ •.. ~ <.- • 
advantages f()r: some_ ~-o:r:m __ ~f- distrim~t_e~_p:t~actice. In the 
present study, all practices were distributed~ 
..... ,... . . --·· 
Stat~!Il-~n_t of t}le P~()~le~.-- The_ ~:'pose of this study 
was to det~rmine tl:le. -~~-~ect _yari~-~ __ ~-erl:g~h~. of practice 
periods have on the growth of a motor skill. (A motor skill 
- .... . . . . .. .. . •'" . ·-· -- ..... 
is def~ned as one _in vol vi~g _?odily movement). ,An ·effort 
was made to determine a des_~~b~~- ~~ngth ~f ~ractic e for 
owtimum learning_ o~ __ the _mf.rr.~:r' _ ~~~~~ng_ -~~i~_?:_• ____ Three _grou:rPs _ 
of junior high school boys practicea ·this skill two days per 
. ... - ...... - .. - . . ~ -- .... - . 
\V.:e;ek: for .a period of f':lLve weeks·. ''The total experimental 
- .. • - . - ... -
period_, whi<eh included an ~q'?:a~i~g test and a retentio);l check, 
extended over a nine week period. The length of ~he practiee 
period varied with eaeh_gro~~; w~ile_ ~~e interpola~ed period 
between practices remained constant for all groups. 
. - . ---' -· ·- . -·- --- ... . . . . -. 
The instrument used in this study was the stabilimeter, 
a mirror tracing ~~pa:atu~ de_~-e~~?ed b; Sn~ddy-)/ The skill 
involves the t~~~ing of a star:. sha~ed. path whi_l~ looking 
through a mirror. Time (in seconds) and accuracy (in number 
iJG. s. Snoddy, nLearD.iiig"snd Stability, 1'"The .Journal of 
Applied Psychology (March, 1926), 10:.1-36. · 
3 
of errors) were used to determine the score. 
One group of boys practiced two circuits on each practice 
day. (A circuit is completed when the star has been traced 
around once). The second group practiced five circuits and 
the_ third gr<mp practiced E:l~~ht circuits on each practice 
aay. :Practices were held t¥ro days per week, the practice 
. . . .. -
days always being a~Jf)arated by one_ day~ Groups were equated 
on the basis of performance made during the week preeeding 
the beginning of Fractice. A retention test was given 
nineteen days after the final day of practice. Correlations 
were made between each stu~el1~-' ~- general intell~gence score 
and his performance in the mirror tracing skill. This was 
~. - . - .. 
an effort to determine what effect, if any, one's intelligence 
has upon the learniJ?-g ot. a mot or skill. So~ne r~search, with 
conflicting results, has been done in this area. If con-
siderable correlation ~X:ists bet~een intelli¥er:te_e and the 
rate at which one learns a skill, one would certai~ly need 
to consider this factor when scheduling practices for 
individuals or groups. 
Scope of the study.-- The study included seventh and 
eighth __ g~ade_ boys of Eas~ Junior ~igh ~~hool and West Junior 
High School in Watertown, Massachusetts. Out of the 168 
' ~ - .. .. . .. - . . . - . . ' ..._ ... ~ . . 
subjects who beg~n the exp~rim~~t, 135 complete~ all practices 
and are included in the results. Of this number there were 
47 boys ~n, _o~~ _ ~::Cperimental group and 44 boys in each of the 
other two groups. Each boy had a total ·of ten practice 
days over a five week period, in addition to an equating 
test prior to the beginning of practice and a retention 
. ' - - - - - - ~ 
check ninet~en days ~~ter t-r:e final yractice. Subjects 
were selected at random from class rolls which included 
more than 400 boys. 
Justification for the stud~.-- The efficiency of 
educational. p~ograms __ is lil11it~d to--~vailable knowledge of 
the learn~r:g p~ocess~ E~Cfl:~()r_s ~g;r~e. ~hat this knowledge 
is far from complete. Any evidence which can contribute 
4 
to the understandin~.P~ ~ d~~irable_ ~engths of practice p.eriods 
could ultimately lead to more ~fficf.ent scheduling in_ regular 
school programs. Coaches and physical educators are par-
ticularly guilty_ of arbitrarily scheduling practice sessions 
with little uniformity in length and almos~ no scientific 
eviaence upon which to base their judgment. The old maxim 
that 11 practice makes perfect 11 _ is u~e~ to justify lengthy 
practice periods of football plays, musical scales, or even 
- ... . . 
poetry. More scientific scheduling is especially needed in 
. ' - - . --· . - . 
view of todayt s crowded: classrooms and full schedules. 
Woodworthl/ states that nThe problem is to determine 
the optimum block of trials and interval between blocks 
for tasks of each difficulty and for each stage of learning. 11 
1/R. s. ·woodworth; Experimental-Psychology, Henry Holt and 
Company, New York, 1938, p. 212. 
On the basis of attained lm0wledge. concerning the dis-
t:r.tibution of practices (for many motor skills), it seems 
5 
de'sirable t0 f>r0ceed with the other maj0r concern, i. e., the 
I 
length of practices. 
i 
I 
The stabilimeter, a laboratory type apparatus, was used 
because of certain control advantages over a more comm0n 
m~tor activity. It s.hould be expected, however, that certain 
f>~inciples which are applicable to the learning 0f this skill 
w~ll hold true for a greater number of skills. Lorgel/ 
I 
showed that the learning of the mirror tracing skill is 
consistent with the learning of verbal material. He used 
college students in learning mirror tracing, nonsense 
!< 
syllables, code work, and mirror ~eading. He found that 
t;he practice plan which was most .effective for one type of 
I 
!earning was likewise best for learning the other skills. 
Harmon and Mille~ found that subjects learn variations 
of a skill in the same manner that they learn a specific 
skill which is held c0nstant. In working wi tb. the skill of 
billiard shooting, they found that practice schedules which 
were most advantageous for the learning of a particular shot 
were also best for the learning of different types af shots. 
jJI. Lorge, ·Influence of Regularly Interpolated Time Intervals 
upon Subsequent·Learning, ·Teache.rs College, ·Columbia, Number 
438, ·lfew·York, ·1940•' · · · • 
g/J. M. Harmon and A. G. Miller, "Time Patterns in Mot0r 
l1e·arning," Research Quarterly (October, 1950), P• 185. 1 ~ . . .. . . . . - • 
I ~ 
i 
- I 
~hey state that: 
11 The results of the one set shot which 
was used in all- pr>actic e peri'ods for the four 
groups-were similar to theresults ·a:r·all set 
shots for the' groups •. rn. other words~ as far 
as· results were c oricern-ed;- the research might 
have been limited to one set shot for all four 
groups. tt 
The majority of research indicates that variations in the 
spacing of practices ~f~ect .~:t:e leB:r:_ning o~ v~rbal material, 
everYdB:Y motor skills, ru::t~~~ven animal_r.E3sponses in the 
same ~anner that ~hey affect_ the_ ~e_~t'X1~ng of ~ laboratory 
skill. Therefore, som~_ confidence should be placed in the 
applicability of findings regarding the length of practices, 
• • ' - • • ~ _, ~. 4. • 
not only for the mirror traci~g skill, but also for regular 
physical education activities. 
The present study differs from most previous temporal 
studies in a number of important ways. First, it is con-
cerned entirely with the amount of ~ractice at each practice 
6 
period for maximum learning and retention. Most other studies 
have been primarily concerned with interpolated intervals 
~· . . - . ' . 
between practices. Those studies which have varied the 
length or ttblock" of. practices have ~eally been a. test for 
the distribution of practices inasmu.ch as they gave the same 
.. ... . - . - .. . ~ - ' ·- . ~ ·-
amount of practice to all groups, but over a different period 
of time. 
Secondly, this study includes public junior high school 
students in a regular school situation.. Oth.~~. time learn~g 
. ' . ·-· . . ~ . . .... . . . .. 
studies have generally used as subjects preschool children, 
c olleg;e age stuEI.ents, adults, or animals. _T~e junior high 
school grou]l se.eT?s mor_e repre~e~tative of re~l.ar ~chool 
lea~ning situations than the other selected groups. 
: Further, this study was condD.cted over a nine week 
. i . . .. ' ·' 
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perlod for each J?Upil, when the equating and retention periods 
. . ! . ' . . ... ... . .. . .. .. . 
arelincluded. This allowed t~me f?r. consiaerable iearning 
to take place. The majority of st?-r?-i~s in this area have 
beem complete®. in a few hours er cilays. Retention of the 
skill after e essation ~f yr~~tice has of~e:a been ig~ored. 
A r~tention cheek was made in this stuay. Moreover, most 
pretrious researchers have indicated a: need for farther stucily 
. . 
in this area. 
CHAPTER II 
REV;IEW AND ANALYSIS OF RELATED LITERATUR:m 
j Introduc_tion:.-- Since. the publication of Ebbinghaus' 
I ~ . 
memory studi~s in 1885 muc~ discussion and research has 
taJren place concerning the effect e:f' time and practice 
~ : 
upon learning. Educators have generally concluded th.a t the I . 
0vercrowding of practices is detrimental to effective 
learning. William Ja.mes,Y the emi~ent American philosopher, 
:! ~ 
conibributed to the int.erest in this area. by suggesting that 
i . 
lea.lrning can take place even when we I . are not practicing. 
He ~ostulated that. we learn to skate 
. ! . 
in the summer and to 
swim in the winter. 
, The real problem among educat9rs has been to determine 
,I . . 
II 
an optimum work period and rest period for each type of 
activity. Considerable controversy still exists regarding 
I 
the sched~ling of pra.etic~s for various type_s of learning. 
A S1!lrvey or the outstanding contributions in the area of 
ti_m~ psychology will be made so that one may see the position 
of the present study in the matrix of research. Emphasis 
.i . 
her'e will be placed primarily upon research dealing with: 
jJH~ Ebbinghaus, Uber ~as Gedachtnis: Unter Suchu.ngen Zur 
Experimentellen Psychoilogi, Dunk~r and Humblot, Leipzig, 1885. 
I . YWj· James, Principles of: Psychology, Henry Holt, New York 
18910, P• 68.9. · 
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(1) the spacing of practices in mot0r, verbal, and an~mal 
learning; (2) variatipns in the length of practices; 
(3) fheories e.s to why one type of praeti~e schedule may 
be better than anothe~; 8.11d <4) the relationship of general 
intelligence to the learn:tng of e. motor skill. 
1. Motor Learning 
9 
Laboratory Skills.-- Si~ce 1990, most research concerned 
with motor learning has employ~d a laboratory type skill 
because of experimental control advantages. For.em.ost among 
thes.e laboratory skills have been -mirr0r tracing and the 
pursuit rotor skill. Garmi~haellf explains that some form 
of mirror drawing was used in Germany as early as 1898, but 
that w. F. Dearborn was the first to develop a learning method 
with this apparatus in 1905. In mirror tracing the subject 
attempts to trace a figure (usually a star) while looking 
through a mirror. The front and back relationship of the 
figure appear~ reversed while left and right remains the same. 
Koert~ developed the pursuit rotor, a target tracking 
apparatus, for the purpose of conducting research in learning. 
Since its developmept, great use has been made of the Koerth 
pursuit rotor and variations of it. Each of these tasks 
present a sufficiently new experience so that all subjects 
begin with a very low level of efficiency. They likewise 
1/L. Carmichael, 11The History of Mirror Drawing as a 
Laboratory Method," Pedagogical Seminary and· Journal of 
Genetic Psychology: (October, 1922), 34:90;-91. 
yw. Koerth, "A Pursuit Apparatus:_ Eye-han~ Co0rdination,'t 
P~cho1ogics.l .Monograph (May, 1922), 31:288.-292. ~ 
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make it possible to measure any improvement in perfot'171ance • 
... ::·. George s. Snoddy developed an adaptation of the 
traditional mirrer tracing apparatus. He used this rev:!B ad 
apparatus, the stabilime~er, in several learning ex~rimen~s 
and was the first persen using this skill te make a 
sigmificant contribution to our unders~anding of learning. 
In one experimentPuniversity students practiced 20 circuits 
on the stabilimeter. One group was given a one day interval 
between each circuit. A second gro1a.p bad a one minute rest 
between each circuit and a third groa~ had no rest between 
circuits. The group taking a one day rest period performed 
far better than the group~taking a one minute rest. The 
group using no interval between circuits did poorest. 
In another study, Snoddy2/ had five groups of university 
students practice this motor skill, each on a different 
practice schedule. On the basis of findings in this stu.dy, 
he suggested that there are two,pr0eesses in mental gro~th, 
and further, that these proc~sses are directly oppesed to 
each other. These two opposed growth processes were called 
"primaryn and "seeonda.ry." Primary grewth takes place early 
and is stable. It is the foundation upon which secondary 
growth is built~ Secondary growth comes late~ and is less· 
1/"Learning and Stability," op. cit. p~ 3., 
. . 
g/G. s. Snoddy, Evidence for Two Opposed Processes in Mental 
Growth, The Science Pre.ss ,Printing Company, Lancaster, 
Pennsylvania, 1935. · 
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stable. The stability of this secondary growth, however, 
is greatly dependent upon the adequacy of the pr~ary growth. 
Snoddy further states that early grolf'th is enhanced by 
distributed practices while later growth takes place best 
when practices are massed. Res.t intervals tend to have 
' 
opposite effects on these two types of learning. This 
l . 
theecy, theref'ore, propos~s spaced practices in the early 
stages of learning, and mass~d practices later. 
Lorge1/ presented evidence to show that the learning 
of a motor skill is consistent with other types of learning. 
College students learned mirror tracing (with the stabili-
meter), nonsense syllables, code work, and mirror readi~g. 
The. experiment was designed to test the ef'f'ectivene.ss of 
certain massed and distrihuted practice schedules on each 
type of learning. Continuous pract.iee, as well as intervals 
of one minute and one day, was used until a uniform amount 
of' practice had been completed. He found that the 24 hour 
interval was most advantageous for all types of learning 
tested. 
Massey6/ used girls who were training to be teaching 
nuns as subjects in testing three interpolated time patterns. 
The stabilimeter was used for this experime-nt. Variables 
of diet, rest, and daily routine were, to a great extent, 
1/I. Lorge, op cit. 
2/D~ Massey, A Study of the Significance of Interpolated 
Time Intervals on Motor Learning, Unpublished Doctoral 
Dissertation; Boston University, Boston, Massachusetts, 1957. 
controlled. Practice schedules us&d were: daily (Monday 
through Friday), three times per week, and an 11'adap ted 
. 
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additive" pattern. The adapted add~tive pattern used massed 
pract1ces early with progressively longer rest periods. 
Each practice period was held constant for all groups. All 
groups practic~d (on their respective schedules) for a five 
week period. Groups with greater massed practices at the 
beginning showe.d greater initial growth. In later practices, 
the Monday through Friday group reached a higher level of 
performance. The higher level of performance for this group, 
however, was not in proportion to their greater number of 
practices. The more distributed practices were far more 
efficient in terms of time spent in practice. 
The Koerth pursuit rotor was us.ed by Dore and Hilga;r;-d.1/ 
to test Snoddy's claim of two processes in mental growth. 
College s-tudents were used in this experiment which lasted 
a total of 43 minutes for each subject. One group used 
progressively increasing rest periods while another group 
us~d progressively decreasing rest periods. Both groups 
completed the same amount of practice.. The group with early 
massing and late spacing scored reliably higher than the . 
group on the reverse plan. This contradicted Snoddy's cla~ 
I ' 
that early spacing and late massing is better for the learning 
j]L. R. Dore and E~ R. Hilgard, "Spaced Practice as a Test of 
Snoddy's Two Processes in MentaL . Growth, n Journal of 
Experimental Psychology (October, 1938) 23:359-374. 
/ 
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of a motor skill. In a separate stu~,~ the same researchers 
found that groups with greater distribution of' practices 
throughout the experiment .showed better perf'ormanc es than 
gro~ps with massed practices. 
Rumphreys~g/ used college students and the Koerth 
pursuit rotor to :find that during the early periods of 
learning, greater gr~wth takes place between practices than 
during ]>ractice. He f'olllnd also that after a substantial 
degree or. skill has been developed, gr.eater growth takes· place 
during the work period •. This supports Snoddy's recommendation 
of' early spaced and later massed practices. 
Travisl/ used college students with a modif'ied pursuit 
rotor called the pur~t-oscillator. He varied the rest 
perj,.od between practices and tbe length of the w®rk period 
to show advantages for spaced practices. In twelve minutes 
of continuous practice, performance fell off after two or 
three minutes of' work. In another study,ll/ with tbe same 
apparatus, he kept the length of the practice periods for all 
pt. R. Dore and E. R. Hilgard, "SJ!>aeed Practices and the 
Maturation Hypothesis," Journal of Psychology (October, 1937), 
4:245-259. . .. 
,g/L. G. Humphreys,. "The Factor of Time in Pursuit Rotor 
Learning," Journal of Psych?logy (March, 1936), 3:429-436. 
-lfR. c. Travis, "Practice and Rest Periods in Motor Learning,tt 
Journal of Psychology (January, 1936), 3:183-18~. ~ 
llJR. C. Travis, "The E:r:rect of' the Length of the Rest Period 
in M0t or Learning, n· Journal of Psychology (January, 19 36), 
3:189-194· -
groups constant at five minutes and varied the rest period 
from five minutes to 120 hours. He found that for a work 
period of five minutes a rest period of 20 minutes is better 
than a shorter or a longer period• After a rest period of 
20 minutes~ performance for the f'irst minute of tl::e work 
peria>d was superior to the average of the previous work 
period. He concludes that the rest period proved more 
important .for learning than the last half of the five minute 
work peric:>d •. 
Studies by Hilgard and SmitrJl and Cook.and Hil~ar~ 
both show advantage.s of distributed practice when working 
with the Koerth pursit rotor. Cook and Hilgard used 26 
college men and women over a tbree day period. Wherever 
praetices were most widely distributed there was greater 
learning. They found no difference in learning, whether 
the rest periods were increasing or decreasing. This confliets 
with the findings of Snoddyl/ as well as those of Pore and 
Hilgard.l!/ Anun.Ol?:S..2/ used the same instrument in an elaborate 
j]E. R. Hilgard and M. B. Smith, "Distributed Practice in 
Motor Learning: .Score Changes Within and Between Daily Sessions," 
Journal of Exp.erimental Psyehology (February, 1942), 30:136-146.~ 
£/B. s. Cook and E. R. Hilgard, "Distributed Practiee in Motor 
Learning: Progressively Increasitl.g and Decreasing Rests," 
Journal of Experimental Psychology (April, 1949), 39:169~172. 
Jl Evidence for Two Opposed Processes in Mental Growth, a>p. cit. 
1±/ "Space.d Practice as a Test of Snoddy's Two Processes in 
Mental' Growth," op. cit. · 
~ 
..2/R. L~ Ammons, ''Rotary Pursu,.it Performance Wi,th Continu0as 
Practice Before and Af'ter a Sin~le Rest," Jour,nal of Experi-
mental Psychology (February, 194-7), 37:393-411. · 
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experiment with 34 gro1.1_ps of' 14 sub jeets eaeh. He :found the 
length of' the work period to be more crucial than th3 rest 
period. An eight minute work period with a :five minute rest 
period appeared most e:ffective for this task. 
K1mbl~ has. conducted extensive research in recent 
years with the pursuit rotor to determine optimum spacing 
of practices. In one study he :found that learning takes 
place during the first five minutes of' practice. A:fter tha~, 
all gains take place during the rest period and all decrements 
occur during practice. In another study6/, he attempted to 
determine reasons f'or the detrimental eff'eet of massed 
practices upon learning. 
Dune~ conducted. research in whieh college women 
learned the pursuit rotor skill. He used four groups in an 
e:xperime :mt which lasted 20 minutes for each subject. Each 
group worked five minutes, had a ten min"l!lte rest, then werlmd 
:five more minutes. During tbe five minute work period one 
group practiced continually while the other group worked ten 
seconds then rested 29 seconds. The latter group tbere:fore 
had only one-third as much practice as the former gr0up. The 
1/G. A. Kimble, "Evidence .for the Role of Maturation in 
Determining the Amount of Reminiscence in Pursuit Rotor 
Learning", .Journal of Experimental Psychology (May, 1950), 
4o: 248-2$3. 
g/G. A. Kimble, "Performance and Reminiscence in Motor 
Learning as a Function of the Degree of Distribution af 
Practice,"· .Journal of Experimental Psychology (October, 194-9), 
39:500~510. . 
J/C. P. Duncan, "The E.ffect o.f Unequal Amounts of Practice on 
Motor Learning Be:fore and After Rest--" .Journal of Experimental 
Psychology (October, 1951), 42·:257-264. 
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group that took the 20 second rest, however, still was 
superior to the continuous practice greup in the pre-rest 
and post-rest sessions. 
Franklin and Broze~ caution that one cannot generalize 
that distributed practices are best in all learning situations. 
According to them, most advantageous schedules will depend upon 
the individual, the difficulty of the task, or the stage of 
learning. They trained 36 men in pattern tracing and g~ss 
body choice reactions. No significant difference was shown 
between the different interpolated practice schedules used. 
These authors concluded that: 
"No loss of learning efficiency in 
training occurs in practicing subjects 
either intensively or extensively. Further, 
practice sessions may be scheduled irregu-
larly with little regard fer length of 
intervals between trials without impairment 
of learning effeeti veness .'• 
Regular Sports and Manual Skills.-- Some studies have 
involved cemmon athletic sports and manual skills in an 
effort to determine a most suitable distribution of practice. 
Lashle~ experimented with archery target shooting. During 
the early learning period he found no distinction in per-
formance whether practices were massed or distributed. During 
the second half of tbe experiment, however, better results 
1J J., c .• Franklin and J. M. Brozek, "Relation Between the 
Distripution of Practice and Learniug Efficiency in Psyehometar 
Perf~rmance 1 "' Journal of Experimental Psychology (February, 1947), 37:lb~24. 
yK. s. Lashley, The Acquisition of Skill in Archery, Papers 
from Department Marine Biology of the Carnegie Institution 
of Washington, 7:10.5-128, 1915. 
17 
were obtained when practice periods were spaced. _Murphy!/ 
found practices on three days per week to be more effective 
than practices on five days per week wb.en learning to throw 
the javelin. 
Mille;'sg/ research included four groups of ??lle~e 
girl~ who w.ere inexperienced in the _skill of billiards. One 
group practiced daily, another g~oup one time per week, a 
third group tbree time-s per week, and the fourth group used 
an "additivefl pattern {rest peri~~s ge~t~ng_Pr?gr~ssively 
longer). New set shots were added at each practice while one 
shot was held constant throughout. The ~ddit~ve pattern proved 
more efficient than either of the other plans. He states that: 
nRelative·massing at the beginning of the 
l~arning. process is t'o be preferred over 'widely 
spaced tiine intervals at the 'beginning ••• after 
the foundation- has· o·eeh Ttdd," greater• spacing 
between practtc e periods has a more favorable 
effect upon learn·ing than continued massing.H 
-. . -
Lawrence3/ made a reliability check on Miller's daily and 
additive groups during :bh~. ~ollc)'~·ing year. More than 60 
' 
per cent of the or~gi?al part.icipants were included in the 
study. The group -~hich h~d ~sed ~}le addi_t~ve pattern scored 
significally higher on this retention test. 
1/H. li. Jllfu.rphy; 11Distribution of ~ractice 'Per·iods in·Learning, 11 
J ou~na~ of Ed11~ational_ ~sychology (July, 1916), ~-: 150-162. 
g/A. G •. Miller, ·The Effect'of Various·Inter:PolatedTinie · · ·· 
Fatterns ori Motor 'Learning, Unpublished· ·noctoral-Dis-sertation, 
Bos~on_Uni~_ersit:y-, Boston, Ma:ss:achus.etts, 1~48,_. ;P.:-_.?6· 
3/D.' F. L-awrence, A Reliability Check. of Two Interpolated· · 
~1.me 'Patterns· ·1n Mut'Or' Learning, Unpaollslred·lVlaster' s Tlrnsis, 
B.oston University, Boston, Massachusetts, 1949. 
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Young1/ conducted research with archery and badminton 
on a two day per week and :four day per week praeti ce schedule. 
The :four day per week schedule proved more effective for 
learning archery while the two day per week was most effective 
for badminton. Pylegj found distributed p~actice :far superior 
to massed practices when learning the skill of typewriting. 
I ' 
Knapp and Dixor)/ found similar results in working· with the 
skill of juggling. 
2. Verbal LearniBg 
' Ebbinghaus~ in 1885 published results of his learning 
and memory research. He served as his own subject fer 
extensiv~ study with m~aningful poetry and nonsense syllables. 
He concluded that a given unit of material could be learned 
in less practice time and retained longer when rest periods 
are. taken between practices. This was the first significant 
effort in the area of temporal relationships in learning. 
It seemed to stimulate others to verify or confirm his 
findings. Jost2/ found that two readings of meaningful 
yo. G. Young, 11 The Rate of Learning in Relation to Spacing 
of Practice Periods in Archery and Badminton," Research 
Q,ua;r-terly, (May, 1954), 25:231-243. 
2/W. H. Pyle, °Concentrated Verses Distributed Practice," 
Jou~nal of Educational Psychology (1915), 5:247-258. ~ 
~/~ G. Knapp and W. R. Dixon, "Learning to Juggle, A Study 
to ~etermine the Effect of Two Different Distributions of 
Practice in Learning E:fficiency," Research (C@arterly (October, 
1950), 21:331-336. ' 
~er das Gedachtnis! Unter Suchungen Zur Experimentellen 
Psychologie, op~ cit. 
2/A. Jost, ·" Assoziationsfestigkei t in ihrer abhangigkei t von 
verteilong der wiederholungen," Zeitschrft fur Psychologie 
(1897), 14:436-472. 
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material each day ror 12 days was rar more errective than 
eight readings per day ror three days. On the basis or his 
research he announced two laws which have since been veriried. 
The second of these laws seems pertinent to this topic and 
states: 
"'If two associations are of equal 
strength and different ages, further study 
has greater value for the o~der one." 
Lyon1/ had s-abje~ts memoriz.e meaningful ~materials on two 
practice schedules. One gro"tlp learned a short section each 
day while a second group practiced continually until th~ 
had learned all the material. The short-section-wer-day 
group retained the material much longer. He suggested: 
(1) That progressively increasing rest periods should be used 
and (2) That the optimum learning schedule varies with 
different individuals and diff'erent tasks. Hahla and Thorng;1kay 
used elementary school children in an arithmetic experiment 
. . 
which lasted f'or 90 minutes of' practice. Most eff'ective 
work periods varied from 10 minutes to 22i minutes, depending 
on the grade leve~. 
Pyle1f compared results f'rom practice periods of 
1/D. o. Lyon, "The Relation of Length of Material to Time Taken 
for Learning and the Opt~ Distribution of' Time, Part III," 
Journal of Educational Psychology (August, 1931), 14:400-~13. 
_g/H. H. Hahn and E. L. Thorndike, "Some Resul.ts of Practice in 
Addition under School· Condi tiona,"_ Journal of Eduea tional 
Psychology (1914)~ 5:65-84. ~ · · · 
11 w. H. Pyle, "Transf'er and Interference on Card-Distributimg," 
Journal of Educational Psychology (1919), 110~107-110. 
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15, 30, 45, and 60 minutes in a substitution experiment. For 
total time spent in practice, the 30 minute work period proved 
most effective. He suggested that the 15 minute work period 
was too short for this type of learning while the 45 and 60 
minute periods were too long. For tbe longer periods very 
little gain was made after 30 minutes. He presumed this to 
be due to fatigue. Reedl/ also varied the length of the 
practice period from 10 minutes to 60 minutes for a total of 
60 minutes practice time. He found that addition of two-place 
numbers was learned ~ore quickly in 20 minute periods than in 
shorter or longer practice periods. Perkin~ used varying 
· size.d blocks of nonsense syllables aleng with varying time 
intervals. She found that the size of the block was mneh 
more important than the size of the interval. 
Cain and Willeyl/ found that nonsense syllables would 
be retained longer if practices were widely distributed. All 
practices in this experiment were of equal length. Hovlandk/ 
jJH. B. Reed, "Distributed Practice in Addition,"' Journal ef 
Educational Psychology (April, 1924), · 15:248-249. 
giN. L. Perkins, "Distributed Practice with Nonsense Syllables," 
British ~ournal of Psychology (1~14), 7:253-261. -
..lfL. F. Cain and R. deV. Willey, "The Effect of Spaced 
Learning on the Curve of Retentio~," Journal of Experimental 
Psyehology (August, 193.9), 25:209-214. 
1Jc. I. Hovland,·· "Experimental Studies in Rote-Learning 
Theory: VII Distribution of Practice with Varying Lengths 
of List." Journal of Experimental Psychology (September, 1940), 
27:271-264. 
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I 
conducted extensive research with distributed and massed 
practice in rote learning. He concluded that distributed. 
practices facilitates retention ~ecause of reduced inter-
ference. Youtz1/ supported Jost's second Law after con-
ducting research with nonsense syllables. Lyorfi/ in working 
w.ith long lists of digits, and English, Welborn, and Killianl/ 
in memorizing wrose and poetry; found fewer readings were 
required to learn the material when those readings were 
distributed. 
Eatonkf was interested not only in the effect varying 
lengths of intervals would have on learning, but also in the 
e:f'fect different types of activity during that interval might 
have. His greups learned the names of pictures, workBd 
problems in arithmetic, and did memory work during rest 
intervals of 20, 30, 40, 5o, and 60 seconds. He found that 
these activities had varying affects on the work performance. 
This led him to conclade that the greater the amount 0f con-
centration demanded by interpolated activity, the more was 
learning efficiency (of the original tast) reduced. 
jJA. c. Youtz, An Experimental Evaluation 0f Jost 's Laws .. 
Psychological Monograph, American Psychological Associatien, 
Inc., Northwestern Un~versity, Evanston, Illinois, 1941. 
2/D. o. Lyon, "The RelatiGn of Length of Material to the Time 
Taken for Learning and the Optimum Distribution ef Time," 
Journal o'P Educational Psychology (1914), 5:115-163. -
lfH. B. English, E. L. Welborn, and c. D. Killian, "Studies 
in Substance Learning and Retention," Journal of General 
Psychology (October', 1934), 16:233-260. · 
&(M. L. Eaton, nThe Conditioned Reflex Technique Applied to 
a Less Specialized Type of Learning," Journal of Experimental 
Education {September, 1937), 6:68-83., 
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Researchers have not been unanimous in their findings 
concerning the spacing o~ practices. Coo~ ~ound advantages 
~or massed practices when subjects were learning ~inger mazes. 
Eighteen subjects were used in one experiment and two subjects 
in another study. He reasoned that easy· tasks could best be 
attacked in massed trials whereas d~ficult tasks were best 
learned by spaced practices. Rubin-Rabsong/ found no 
di~ference in the effectiveness of massed or distributed 
practic.es when subjects were memorizing piano music. 
3. Animal Learning 
Many experimenters have conducted time-learning research 
with animals as subjects. Some have ~elt that these results 
might be especially accurate because of less interference from 
those variables which commonly affect humans. Bunch and 
Magdsic~ and CooJJ/, c_onducted research with rats learning 
a maze. All results showed advantages ~or distributed 
practices. Ulric~ found similar results with rats running 
1/T. w. Cook, "Factors in Massed and Distributed Practice," 
Journal o~ Experimental Psychology (Allgust, 1944), 34:325-J34. 
g/G. Rubin-Rabson, "Studies in Psychology of Memorizing Piano 
Music: II. A Comparison o~ Massed and Distributed Practice," 
Journal of Educational Psychology (April, 1940), 31:270-284.~ 
l/M. E.· Bunch and w. K. Magdsick, n:The Retention in Rats of 
an Incomwletely Learned Maze Solution ~or Short Intervals 
o~ Timef Journal o~ Comparative Psychology (December, 1933), 
16:385-q.09. 
- . 
1±/T •. W •. Cook, "'Massed and Distributed Practices in the 
Learning of Rats," Psychological Review (May, 1934), 41:330-355 • 
. 
~J. L. Ulrich, "Distribution o~ E~~ort in Learning in the 
Wh1 te Rat,'-' Behavior Monographs (1915). 
a maze and a puzzlebox. Ye;kes1/ ~~nd -that the ci~ncin~ 
mouse learned discrimination habits in fewer practices if 
those practice~ _we'!!e s_:pa~_ed._ . _ _ 
Rarmon2/ conducted research with pups running a maze. 
One group practiced three days per week and another group 
- . . . . . . . " ' ~ ,... . '·- - . ._. ~-· - . . ' . . . . ·-
two days per week for a period of nine weeks. The two-day-
per-week group learned to run the maze just as efficientl-y 
A ~ 0 ~- ' ~ 0 , O > O 0 • ; - O ._.,, l 0 00 • 
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as the three-day-,per-week group. A retention check, one week 
' .•. ''·" .. . ··- . -
after the final practice, showed the groups still equal in 
perforJ;llance. 
4. Explanations for Distributed Practice 
It must be conceded that most res-earch shows advantages 
for some form of distributed practice. There has been con-
siderable disagreement, however, as to why this is true. 
Most beliefs concerning this phenomena are based on fl:'aj;igue 
or LD.hibi tory theories. ~n~ ?ould ass1.:une that if fatigue is 
allowed to take p~ace_during practice, learning certainly 
would be hampered. Most res.earchers have attempted to control 
-· -· -~ - -· -' - . - . 
this factor as much as possible. Even with absolute control 
of fatigue it is fel~ by most psychologists that rest periods 
are still .. beneficial. 
Rul~ feels that ..massed practices lower efficiency 
. ' . - ·.. . . . 
because of inhibitory potential. His Reactive Inhibiti.on 
1/R~ M. Yerkes, 11 B.ehavi.or af Roger, 11' .c ~ntury (February~ 1908). 
?./J: M. Harmon, UnPubli.shed Reaearch 0 onducted in. 1.957, Boston 
ffhiversity, Boston, Massacnusetts. . . 
WC. ·L. 'Hull, Princip.l.es of B.ehanor, .Applet.<;>n-Gen.tury_, lifew 
York, 1943. 
Theery states that enee we perfomm a task, we are relueta~t 
te r.epeat it immediately. Fm.rthermore, the greater the task 
invelved or the mere fre~uently it is reweated, tbe greater 
is the reactive inlrlbitiell. This iNhibition subsides 
natbally with the passage of time se that the pers0~ is 0nee 
again susceptible t0 maximum learnimg/ ira that activity. 
Kim~lel/ s-up:worts Hull in this theery, h1at states h.rther that 
I 
a difference in metivation is a·faeter in ·aetermining remin-
iscence. He reasons that an increase in m0tivation leads the 
sub~ect te t0lerate a greater ameunt ef' reactive inlail::liti<Dne 
' y 
Hall t s theery is e:wposecl. li>y Wheeler aB<il. P·erkiFlB and 
Sn€Xd€ly .2/ These aathers feel that :three factors cause 
advantages for distributed practices •. According to Wheeler: 
"The rest. period is important, therefore, 
for at least three reasons: {1) to permit a 
rewlenishil!l.g of' the lewered. energy suppl.y; 
(2) to overcome the effects of GVe:r-stimulatie:rn., 
which are f.aul-py energy di,s;tr.ibutio:a, and 
(3) te permit maturation with its increased 
1 differentiation of energy patterns." 
LergeV :~~~is tha!t; his experilnreJ+!.tS thr~w some light en 
jj~Performance and Reminiscence in Motor Learning as a 
Fun,etion of the Degree ef' Distributiom of' Practice, 11 
op., cit., 11>• 509. .. 
yfi. H. Wheeler and F.· L. Perkins, Principles of'Mental 
E>eV!e·lepment, Themas Y •.. crowell Company, New York, 1932. 
,.l.1!vidence for Two Opp'osed Processes. in Mental Growth, 
op. cit., pp. 86-87. 
j 
~/I. Lorge, op. cit., p. 52. 
I 
i 
L. 
.this subject. He states that: 
"The experiments o~~er some evidence 
concerning the two most likely reasons why 
distribution is bene~icial. They are that 
(1) the naunal changes may in some unknown 
· way "set" or establish tbemselves more ~ully 
when.time is allowed them; and (2) the process 
o~ learning may be more satisfying and receive 
better attention wben rest periods intervene." 
5. :.General Intelligence and Motor Learning 
One phase of this study was concerned with determining 
the rela tionshlp between general intelligence and the rate 
25 
at which one learns the mirror tracing skill. A survey shows 
con~licting results in this regard. Clinton!/ gave intelli-
gence tests to groups o~ elementary, high school, and college 
students. Each of the pupils then took a five minute mirror 
drawing test. The score on this test was simply the amount 
which could be tra.ced during this initial period. Mirror 
tracing performance o~ pupils with the highest and lowest 
intelligence was then compared. There was no significant 
dif~erence betwe-en these scores. This led Clinton to con-
cl~de that, nThere is no positive relation between mirror 
drawing ability and general intelligence." 
Burt and Moor~ worked with element~ry school children 
in England, however; and found a correlation coe~ficient of 
.60 between general ~ntelligence scores and mirror tracing 
]JR. J". Clinton, 11Nature of. Mirror-Drawing Ability: Norms 
on Mirror Drawing-for White Children by Age and Sex," 
Journal of Educational Psychology (March, 1930), 21:221-228. 
yc. Burt and R. C. Moore, "Mental Di~ferences Between the 
Sexes," .Journal o~ Experimental Psychology (1912), p. 355. 
score.s .. 
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Schott1/ compared general intelligence scores with 
mirror tracing scores of 15 year old boys and girls. He 
found a correlation coefficient of .20. Galfeegj found 
positive correlations of: .07 for elementary schools boys; 
.19 for college freshmen girls; and .07 for college freshmen·~· 
boys. Snoddylf found very slight correlations between mirror 
tracing and general intelligence. 
PaviJ1f states that there is a correlation between 
intelligence and the development of a motor skill. He defines 
his beliefs in this matter as follows: 
''Skills of the simple type require a 
limited amount of mental coordination and 
direction and therefore bear little relation 
to intelligence. The simpler skills are 
primarily dependent upon reflexes and instincts 
where intelligence and training are not 
essential. In the comple~ skillS intellectual 
control and training are necessary. Complex 
skillsd therefore, become an index to intelli-
gence • 
. 
6 •• Analysis of Related Literature 
The. vast majority of all research in the area of time· 
psychology has been concerned with the spacing of practices. 
Many interpolatm schedules have been developed in an effort 
to determine optimum distributions of practice for various 
1/E.-L .. Schott, "The Development of Learning Capacity," 
Masters Thesis, University of Missouri, Columbia, Missouri, 
19a3, P· 85~ 
g/M. Calfee, "College Freshmen arid Four General Intelligence 
Tests," .Journal of Educational Pedagogy 1913, p. 227. 
1/"Learning and Stability," op. cit., P• 32. 
. . 
1JR. A. Davis, Psychology of Learning, (1st. ed.) McGraw-Hill 
Book Company, Inc., New York, 1935, PP• 138-139.-
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types of learning. These learning experiences have included 
meaningful and nonsensical verbal material, laboratory and 
everyday motor skills, and various an~al experiments. 
Although there are a few reports to the contrary, the great 
majority of literature supports some type of distributed 
practices. There has been little agreement, however, 
regarding specific recommendation on work periods. Some 
researchers have suggested progressively increasing rest 
periods, others progressively decreasing rest periods, while 
still others feel that work periods should be uniformally 
spaced. After considering results from the various types of 
learning experiments, it would appear that the spacing of 
practices will be largely dependent upon the individual or 
group, and the type of material to be learned. It is probable, 
however, that more profitable schedules for the general types 
of learning could be developed with more research. 
Those research studies which have varied the length 
of the practice perio.d have really been no more tJ::an a further 
test of distributed and massed practices. The actual amount 
of practice has generally been the same for all groups - but 
distributed over different periods of time. Comparisons 
have been made between groups whose experimental session was 
not equal ila length. Seemingly the question underlying most 
of this research has been; uGiven a certain amount of practice 
time, how can that time be best used for optimum learning?" 
Efforts have generally not been made which would determine 
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how':a skill can best be learned and retained if one is given 
I 
all the time he needs. Very few studies have been concerned 
" wit~ just when in the practice period learning stops, or is 
red~ced to a negligible degree. Duncan'sl/ experi:m3nt 
i 
probably came closest to this purpose. His groups had 
different amounts of practice within a given period of time. 
I 
He Tound that the group having less practice time within a 
i 
giv;en period actually attained a greater degree of skill. 
This would suggest that too much practice may not only result 
in no greater learning, but can even cause a deterioration of 
a skill. His experiment lasted only 20 minutes, however, and 
there was no retention cheek. 
Most learning experiments in this area have included 
college students as subjectso Elementary and secondary school 
children have not been used in a major experiment in motor 
learning and time psychology, so far as this writer can 
ascertain. 
With few exceptions, the experiments which have varied 
the! length of the practice periods have been completed in a 
few minutes or hours. Generally, no effort was made to 
test retention of the skill after a period of days or weeks. 
The1 experiments did not of.t'er opportunity for a long period 
growth process to take place. Most educators would agree 
that retention of material learned in school, over a long 
lJc. P. Duncan, op. cit. 
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period of time, is usually more importan.t than reaching a 
I 
peak for a particular test period. It appears; therefore, I ... - . . -. . .. 
that [:esearch has larg~ly ignored the important factor -
reten1!ion of the material learned. 
ij i• 
'I 
I ;I 
CHA-PTER III 
METHOD- OF PROCEDURE 
1. The Population 
1 Junior high school boys from two Watertown, 
i Massachusetts, public schools were selected for partici~ation 
in this study. In order to reduce the number of v.:ariables 
whic~ might affect the results, only seventh and eighth 
I 
grade boys between the ages of 12 and 15 were included. 
Out bf the 168 pupils who began the .experiment, 135 of them 
completed all the practices and are included in the results. 
Nine,ty-tbree of these attend East Junior High School and 
' fort~-two attend West Junior High School. 
Principals, guidance workers, and teachers at both 
schools were extremely cooperative thrCDughout the study. 
Students were selected from those homerooms which did not 
have academic periods at the same hour on the two practice 
days, of the week. Pupils were theref0re taken, one at a 
time~ from physical education, art, and vocational shop 
I 
i 
classes, in addition to homeroom and study periods. Pupils 
·l 
were!f taken one at a time, out of the classroom for from 
three to eight minutes, depending on his particular practice 
scheO.ule. Pupils in this study practiced on Tuesdays and 
! ii 
Thursdays or on Mondays_and We~n.esdays. 
Subjects were selected at random from class rolls by 
-30-
the experiment~r~ No information about the student was 
available at this time except the name and sex. The age I - -- - - --- --
and intelligence quotient were obtained after the study was 
' 
well:underway. At the beginning of the practice sessions, 
I 
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the ~ges of thj _ subj ~cts range~ __ from ~2 to 15 years. General 
intelligence saores of these boys ranged ~rom 51* to 150. 
2. .Apparatus and Facilities 
Reasons for Selecting the Instrument.-- As a laboratory 
. I . . --
skill, the sta1:Dilimeter was selected because it seemed to 
have certain dJstinct ad~anta~es o~er the pursuit rotor or I .. -· 
another type o~ mirror tracing apparatus. When compared I - - . ·-· --. . 
with other mirlor ~racin~ ecp.1ipmen~., __ ~he stabilimeter seems 
to reduce the tance fa?tor. It requires that learning 
take place be~are improvement can be shown~ This is ~acil­
itated by a nicbed ~ath wh~~~ in~u~~s tha~ t~e subject 
cannot slide. tf stylus along a smooth edge for a better score. 
Unless the stylus is kept away ~rom the edge of the path it 
gets caught in one of the nich~~-~d delays the subject in 
completing the circuit •. T_he. accompanying electric counter 
speeds the reco~din~ ~~oc ess. 
A prime d+inct~orl be~een_ the s~ab~l~eter and the 
pursuit ro·tor is the unit of practice. In pursuit rotor 
experiments the time factor is the unit of practice and is 
. . .. ~ ~ .... - ... 
kept constant. With the mirror tracing skill, the number 
of repetitions li.s the unit of practice and the time var·ies. I . -- . .. .. ·- .. - . - ..... -. 
-i-.-'-0-=--n-=l-y_o_n_e __ -s-u--=-b-=j.,...e-+b-:t~h__,.ad an intelligence score lower than 70. 
That student, al recent imriligrant ~rom the Middle Etarstpe_, had 
an obvious lang~age difficulty which may have affected his 
score. 
The, latter seems more :PS!~~=lO~?gically a ound. In learning 
the. skill of baseball batting_, f()r instanc_e, the number of 
swings rather than_ t:t;te t~e. ~pen~ in the b~tter• s box is 
the! unit of practice •. Likewise in learn~ng free throw 
shooting in basketball,, the number of repetitions is the 
important factor. It is possible that the same principle 
. . . ... ... . .. 
woold hold true for verbal learning. For this basic reason 
(emphasis upon a measurable amount of practice rather than 
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a length of tinie) the mirro~- tracir:!S _skill was selected over 
the widely used Koerth Pursuit Rotor. 
Description of the Stabilimeter.-- The working surface 
of the apparatus consists of a six pointed star design which 
•. ~ ~ .J • ~ ~ ... • •. . .. . • ... ·- • • 
is cut out of a chromium plate. The niched path, which is 
500 mm. in length, is' 7 nnn. in width at the cl<;>sest points, 
and 12 mm. in width at the :most distant points. The subject 
traces this path with' a small insulated stylus. A red "sn 
indicates the starting P?in~- ~n?- an a~row po~nts in the 
I 
direction in which the subject is to proceed• The chromium 
, •• , • J ,._. - • , ' • 'r ·.. w •' • ••· 
pl:ate into which the ~tar des~~n is cut is ~n X 8 11 • It is 
mounted upon a glass pla:t;e whic~. is_7" X 7n •. The glass 
plate sets into a 12"· X: 12n hardwood frame which serves as 
the base of the apparatus. 
At the rear of th~ hardwood base, behind the chromium 
plate, stands a 9?i 11 X atn mirror. The subject is required 
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to observe the working surface by looking through this 
mirror. An aluminum shield, suspended 7n over the chromium 
plate, prevents direct vision of the star. This aluminum 
sh:I,.eld is 12n X 8!" and is attached to a metal pole which 
st~ds to the left of the star. 
The 6 11 stylus is attached to a flexible 5t electric 
cord, which in turn is connected to two bindings at the 
rear of the apparatus. This connection puts the stylus 
in circuit with the chromium plate and a Mercury electric 
! c~nter. As the subject traces the star, each contact 
i 
wit!h the chromfum plate ~ t~e e?-ge _of the path) is recorded 
by !the coonter. ·A mild click is made by the counter as each 
I 
error is recorded. A transformer is placed in this circuit 
i 
so !that a regular wall outlet may be used as a soul"Ce of 
:i 
pow!er. · Both the counter and the transformer are mounted on 
! - ··- ..... . 
I 
a ~ll X 2~tt board ':fh~ch is placed behind the mirror - out of 
;! 
vi~~ of the subject. The stabilimeter is shown in Figure I. 
A r;egul~r stop watch was used to time the length of each 
circuit. 
The experimental room.-- One room in each of the two ., : 
I 
scJools was used to do all the testing. Each of these ex-
1" ... '" ........... , , .. _,...... . 
perjimental rooms was approximately 7' X 14u. The mirror 
I . . • . . . . .. . ., . .. ... .. 
trfj-cing apparatus was placed on a table which was 26,. high. 
- -- ·- - ... -· .... ,_ ··-·· ... - . .. .. . ... ·- . . ..
The subject sat on a stool which was zott high. With this 
' arrangem~nt all subjects ?:<?ul?-. ~e~ .. ~~d trace the star com-
fortably. Careful attention was given to the 
P\ate 1. 
THE STAB ILl METER 
The Equipment Used In This Study, 
SJr~ace view, and V1euJ oF the 1nstrument 1n use. 
I 
i 
·, 
I, 
I· 
l____·-·~·- ~-- ·-·---~ ··-.:----,.-~---
'..' ~==~~~ 6 01 
PJ.at,e .2 Vieu.> oP The Stobilimcatcal"' in use.. 
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lighting to insure that shadows and double images would be 
el~inated. Both rooms were provided with excellent lighting 
by overhead rluorescent lights and large windows to the side 
o~ the subject. There was never anyone in the experimental 
room except the experimenter and the subject. A sign was 
placed on the outside o~ the door to prevent interruptions 
during the practice period. 
3. Procedure 
Instruetions.-- No group meetings were held for the 
purpose of orienting subjects with the experiment. All 
instructions were given individually at the first meeting 
of the experimenter and subject. This meeting was for the 
equating practice and was held during the week prior to the 
beginning of regularly scheduled practices. 
On the equating day, the subject eame into the room 
and sat on the stool facing the apparatus. The experimenter 
sat in a ehair to the right of the subject and slightly to 
the rear of the apparatus. The shield which was used to 
cover the star was swung to the side so that the subject 
co.uld see the full working surface of the apparatus directly. 
·' 
The following instructions were then given: 
11 I am Mr. Oxendine fr0m Boston University and 
I am conducting an experiment to see how boys your 
age learn this skill. . Now tp.e idea is to take this 
stylus in your writing hand;(experimentor ~leks 
up the stylu,s and demonstrates as he talks,J 11 and 
place:" it down in this groove over by the red "S". 
You then move it in the direction that the arrow 
points, all the way around the star, as fast as 
you can, without touching the edge of the 
groove. When you touch the edge you make an 
error." Experiment or touches the edge o:f the 
chromium plate with the stylus so that the sub-
ject will hear the click of the counter. "Your 
score will be determineg by how fast you move 
around the star and how few errors you make. 
Do you get the idea?" Almost all subjects 
answered in the afftrmative. I:f there were 
_questions, they were answered immediately. 
Now the experimenter swung the obstrueting 
shield around so that it covered the star. The 
subject now could see the star only by looking 
through the mirror. 
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"However, you have to do this while you're 
looking through the mirror. That is going to 
make it seem a bit strange, but don't get dis ... 
couraged with yourself because everyone does 
poorly at first. Now take the stylus in your 
writing hand, put it down at the starting point, 
then wait until I say go." When the pupil 
appeared ready the experimenter said, 11Are you 
readr,?n If the answer was ''Yean, he said, 
''Go 11 ·.At this instant the stop .watch was started 
and continue.d to run until the subject had com-
pleted the circuit. 
After each c:Ir cult was completed the subject was told the 
number o:f seconds it took him, the number of errors he made, 
and his total score. After a predetermined waiting period 
(to be discussed later), he was started on the next circuit. 
The experimenter was care:ful not to coach any of the 
subjects in special techniques. No :further instructions 
were given except thos-e concerned with pacing. Learning the 
best individual technique was consider~.d a part of the 
learning process. It was found in an earlier stud~ that 
efforts to help the boy develop the best method :for himself' 
1/Unpublished research conducted by this writer in an East 
Boston Junior High School, 1958. 
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usually proved ineffective and often were a distraction. 
Some boys tilted the stylus more than others, some leaned 
.. . - . 
close to the mirror, same placed great pressure on the 
stylus, still others rested the hand on the chromium plate 
and moved the stylus with t}le_ ~ingers. Wi~h experience, 
most subjects developed __ s_~m~l~r techniques. A.ll subjects 
held the stylus in the w~~ting h~nd while tracing the path. 
It is estimated that about one boy out of ten was left handed. 
•-'' 'v - w • 
Pacing.-- The pacing technique developed by Snoddy!/ 
was later used by Lor~e2/ ~nd Massey~~ A ~ariation of that 
technique was used in this study. The pacing principle was 
designed for the :ptlrP_ose ()f encouraging all subje~ts to 
pl~ce about equal attention on speed and accuracy. Without 
any direction in this regard, some students will place undue 
.. -. . -· -
emphasis upon accuracy while others will be primarily con-
.. . - . . . . . - . 
cerned with speed. The _r~s~~t~~~ s??r~s_may_not be entirely 
comparable. Snoddy therefore developed the process whereby 
- - . 
the experimenter would advise the subject during the circuit 
- . - ·- .. -. ·-
to go faster or sl~w~r_,_ .s9_ ~1?.-~~- -~11-~ ~ircuit wo"L1ld be completed 
with seconds and errors approximately equal. 
---. .. . . - -
This experimenter likewise attempted to keep the number 
.... - . -. . -· ... . - -
of seconds and errors approximately equal. However, no 
• • -' .... ... r •- ·~ '• • • 
directions were given during the circuit for fear that it 
... 
y t~Learni~g ~d ~t:'-~i~~ t~~ u op. cit., p. 3. 
yr~ Lorge, op. cit.~ _P~ _6 •. _ 
~D. Massey, op. cit., p. 24. 
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wo~ld distract the subject and possibly affect his score. 
Directions were given after the circuit was completed. If 
the seconds and errors were approximately equal, no 
in~tructions were given. If the errors numbered considerably 
more than the seconds, the subject was instructed to go 
slower on the next circuit. If the errors numbered con-
siderably less than the seconds, the subject was instructed 
to go faster on the next circuit. If the discrepancy was 
great between these two numbers, the subject was instructed 
to go much faster, or much slower, on the next circuit. 
There was no need for great concern, however, when the 
discrepancy between these two scores was considerable from 
time to time. Snoddy11 conducted an experiment which showed 
that considerable variation can be allowed between the 
number of seconds and the number of errors without affecting 
the total score. There was no significant difference between 
to,~al scores when the number of seconds was even with, twice 
as. great, or half as great as the m.unber of errors. Because 
I 
ofi this freedom in variation and the desire not to disturb 
the subject during the circuit, the present pacing method 
was used. This experimenter found that sufficient control 
could be placed over the time and seconds if directions 
were given only at the end of the circuit. 
Rest Periods.-- The primary purpose for including rest 
periods between circuits was to guard against fatigue. There 
1/Evidence for Two Opposed Processes in Mental Growth, 
op. cit., p. 10. 
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has been no established standard of' rest period between 
any given number of' circuits. Previous researchers with 
the stabilimeter have varied the rest period f'rom zero to 
two minutes. During an earlier study,l/ the experimenter 
develop~d a technique which proved slightly superior to more 
traditional methods. This procedure is thus used in the 
present study. 
Following the first circuit, the subject was given a 
10 second rest period before beginning the second circuit. 
This was just about the time required to record the scores, 
reset the counter, and direct the subject whether to go 
slower or faster. After the second circuit, a 20 second 
rest was given, and after the third circuit a 30 second rest 
was given. These progressively increasing rest periods, by 
multiples of' 10 seconds, continued so that following the 
seventh circait a 70 second rest period was given. (For a 
comparison of the rest period to the work period, following 
the first practice day the average time for a circuit was 
between 25 and 35 ·seconds.) 
During the rest period, when time permitted, a relaxed 
conversation was he~ between the experimenter and the subject. 
1/In this study (footn0ted earlier) one group practiced with 
a one minute rest between circuits. A second group practiced 
with a combination of one and two minutes rest between 
circuits. The third group used the "multiple of ten seconds" 
procedure described above. 
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0n a given day the experimenter would open the conversation 
with each boy with the same question. The questions were o~ 
a nonthreatening nature. Topics such as religion, school 
marks, homeli~e, or specific teachers were not discussed. 
Likewise the conversation was so structured that it would 
not require great concentration from the pupils. 
study led him to conclude that the greater the amount of 
concentration during the rest period, the more was the 
learning e~ficiency of the original task reduced. There~ore, 
most opening questions were of the following type: 11 Wh1.ch 
sport do you like best?" "'Who wou.ld y0u like to win the 
. . . 
World Series?" "What is your :favorite school subject?" and 
"What do you. think o~ the snow?" although these conversations 
began similarly they often varied considerably from one boy 
to the next. If the subject opened quickly with such a 
.· 
question as, "What's this ~or anyway?" the experimenter attempted 
to explain in langu.age which was meaningful to the subject. 
The experimenter made every effort to maintain rapport with 
each boy. This demanded that no other activity could be 
carried on by the experimenter during a practice period. 
Although each boy was given his time 1 errors, and total 
score after each circuit, he was not told the scores of any 
Y"The Conditioned Reflex Technique," op. cit. P• 82. 
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other boy in the experiment. It was believed that knowledge 
o:f personal results might favorably affect each person's 
-.. -
score. This procedure proved to be a motivating influence 
also. Comparison with another subject's performance, 
however, might have an adverse affect on certain individuals. 
The same procedure W-!1? maintained throughout the experiment. 
The boys were eager to take part in this study. They 
- - ~ ~. ~ . .. ~ 
seemed to look forward to each practice day and their scores. 
An assistant princ·ipal stated that school attendance for the 
subjects improved on each practice day. Only one boy was 
- . -- ... 
dropped from the experimen~ !?~-~_reason ot11.er than being 
absent. He was a nervous individual and became extremely 
upset at his inability to attain success in this skill. He 
was: dropped at his oon request .. 
- .. . ... " 
Schedule of Practices.-- All subjects practiced the 
mirror tracing skill t!~- -~~ys _ J?el? w~e~ _~or five weeks. Each 
boy included in the exl?~rime~t.-' therefore, had the same 
n~ber of practi~e_ dars~. ~11.~~~ ten days of practice were in 
addition to an equating __ ~~act~c~ one week prior to the 
beginning of regular_ ~r~~-~~?_e~-'. and a retention test 19 days 
after the last regular P:r"~?ti ce~ ... , Bo~h -~h~ equs.-~ing p::actic e 
and the retention test were of five circuits duration. All 
subjects_, therefore, ?.ra.~~ic.~d a total of 12 times over a 
nine week period. AnY su~ject who was absent from school or 
otherwise missed one of these practice periods was dropped 
from the study. 
SUbjects were divided into tbree groups~ each group 
having a different amount of practice on each practice day. 
Schedu~es for the groups were arra:r1ge~ as f<:>llows: 
1. Group I (47 SUbjects) practiced two circuits 
of the star on each practice day. 
- .... -. 
2. Group II ( ~4 .SUbj ~ct~) ~r~'? ticed. five circuits 
of the star on each prac~~ce d~Y· 
3. Group III (44 subjects) practiced e~ght 
circuits. of the star on each practice day. 
Group I, therefore, practiced a total of 20 circuits during 
the ten practice periods. Group II practiced a total of 
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50 circuits~ and Group III practiced a total of 80 circuits. 
It was evident that not all subjects included in this 
study could practice in ~lle.l~~g;t~ of one school day. Only 
about 45 subjects could practice in any one day. Therefore, 
. . "' 
it became necessary to divide the total experiment into 
. . - .. 
a number of 11 shifts. 11 In each_sJ:Uft~.equal numbers ?f subjects 
from Group I~ Group II, and Group III, were included. .This 
was done so that possible minor variables would affect all 
- .. . . . .. 
groups in the same way. These shifts were scheduled in the 
follow~ng manner: 
1. The first shift ( be~inn~ng with 15 subjects in each 
group) practiced each Tue~day ~d Thursday between 
October 7 and November 10~ 1958. Equating practices 
took place on September 30 and October 2. The 
retention test was given on November 25. 
2. The second shift (beginning with 8 subjects in 
each group) practiced each Monday and Wednesday 
morning between October 20 and November 19. 
Equating practices took place on October 15 
and 17th. The retention test was given on 
December 8. 
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3. The third shift (beginning with 16 subjects in 
each group) practiced each Tuesday and Thursday 
between November 18 and December 18. One ex-
ception took place here. Due to the Thanksgiving 
holiday, all subjects practiced on Monday and 
Wednesday of the week of November 23. Equating 
practices took place on November 13 and 14. 
The retention check was given on January 6, 1959. 
4. The fourth shift (beginning with 17 subjects in 
each group) practiced each Tuesday and Thursday 
between January 13 and February 17. Equating 
practices took place on January 7, 8, and 9· The 
retention test was given ~n March 5, 1959. This 
experimental period was extended five days due to 
the postponement of school on one pnactice day 
because of snow. 
Equating Procedure.-- Performance of the subject at the 
equating·practice was used as the only criterion for equating 
groups. General intelligence, age, and grade of each subject 
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were obtained f'or other purposes and were not used in the 
equating process. Primary methods of' grouping subjects in 
the past when working with mirror tracing have been random 
sampling or scores made at the initial performance. At the 
equating practice f'or this study, each subject practiced 
f'ive circuits. The best score of' these f'ive (rather than 
the mean or median) was used to divide the subjects into 
the three groups. The best perf'ormanee (usually the last 
circuit) seemed to indicate that the subject had gained an 
understanding of' the skill that may not have been evident 
in earlier circuits. Harmo~ f'ound that the best per-
formance on the initial practice day proved a more reliable_ 
criterion f'or f'uture performance than either the mean or 
the median of' the f'irst day practices. MasseyS/ used this 
technique in 1957. 
Scoring Technique.-- The dimensions of' time and errors 
are embedded in this scoring process. The greater the speed 
at which one could trace the star, and the !'ewer the errors, 
the better was the performance. The raw score was obtained 
by adding the time (T) in number of' seconds and the number 
of' errors (E). As subjects improved in this skill, the raw 
score ~ecreased. For purposes of' plotting a graph and f'or 
ease in reading the scores, it seemed desirable to attain 
1/J. M. Harmon, Op. cit. 
g/D. Massey, Op. cit., P• 33. 
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an increasing score or growing learning curve as the subject 
improved. The raw score was there.fore converted into a 
Conductance (C) score. Snoddy used the term "C score" to 
11 designate changes in capacity to conduct. This C score 
is obtained by simply dividing the time and errors into 
1000 1000, i. e., C • 'T"+'E • In essence this is the reciprocal 
of the raw score multiplied by 1000. All scores used in 
this study have been converted into C scores by this process. 
A sample of the data sheet for collecting these scores is 
included in the Appendix.A. 
General Intelligence Scores.-- One o.f the purposes in 
this study was to compare per.formance in this motor skill to 
one's general intelligence score. From the guidance depart-
ment o.f each school scores on the Pintner Intermediate Test 
(Form A) of' the Pintner General Intelligence Series were 
obtained .for each subject. This test is su~table .for pupils 
in. grades 4 through 9· All intelligence scores used in this 
study were obtained while the student was in the sixth grade. 
Tn!e intelligence quotient of' eaeh subject was correlated with 
hts mirror tracing performances throughout the experiment. 
jj11 Learning and Stability," op. cit., p. 7. 
CHAPTER IV 
Presentation and Analysis or Data 
Introduction.-- Perrormances or the three experimental 
groups, each of which was on a difrerent practice schedule~ 
were compared at all phases of the experimente An attempt 
was made to determine which practice schedule was most 
advantageous to the learning of this motor skill. Stat-
istical analysis, as well as graphic comparisons, were made 
of the three learning curves. Increments between practices, 
and from circuit to circuit of the same practice period, 
were analyzed. Efforts were made to determine at what point 
during the practice period greatest learning took place -
and at what point learning stopped, or dropped off to a 
negligible degree. 
Ea~h subject's intelligence quotient was correlated 
with his performance at all phases of the experiment. This 
was done in an erfort to determine the efrect one's general 
intelligence has upon the learning of this motor skill. 
1. Equating the Groups 
Equating scores.-- Each subject practiced a total of 
rive circuits on the equating day. (A circuit is completed 
when the subject traces around the star once.) The sole 
cr.i terion for equating the three experimental groups was the 
-46..;. 
best circuit score made on the e~uat~~~ day. A summary of 
the equ~ting s~~res!l for the three groups is presented in 
Table 1. 
Table 1. Summar~ of the Equating Scores for the 
Three .El2!'Pe:iJ.im&.ntal ·Groups. 
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NU1nber. of Total Mean Standard Group SU.bj ects Deviation 
f ~ ~ .• ~;~ ... .,..~..t (-a) 
·IP . --~ . "' (2) (3) (4) (5) 
I (2circuit group) 47 290.1 6.2 2.0 
II ( 5;)circui t §r_~:p) 44 266.7 6.1 1.7 
-. .. .,. . .. 
III (8 circuit gl"OUp) 44 267.5 6.1 1.9 
.. , ..... ~ ~ 
i/Tables in· this Chapter give· group scores. All- individual 
records, which go- into"'tJ:ie making of the group scol"e are 
included in the Appendix. · 
.. .. ........ . 
.Statistical Techniques.-- The Groups were analyzed to 
determine whether differences noted in Table 1 are statis;.. 
tically ltsignificant. Jt P;. significa~ t di~~-~r_ence is one 
which is greater thB:n WQ1:l.~?- ~? expec~ed_ f~om the same 
population by random s~pling. To determine significant 
differences for the equ~t~~~ ~co~~s!. ~~-w~ll as other data 
in the experiment, an flanalysis of variance" was made. 
- ~ - - . -- .. ~ '. 
Wertg/ says of this procedure: 
1/These equating scor-es, 13:8 welT as all other. performance 
scores presented in tJii-8 Chapter are C scores. 
c score = · ·rooo 
T(ime}-in seconds+ E(rrors) 
y'J. E. Wert; imd others~~ Statistical Methods in Educational 
~d .Psycliological·Research, Appleton-Century-Crofts, Inc., 
New York, 1954, p. 172. . 
.. 
11 The analysi~f-of· var:U~.ilce· has- be€m ~. 
designed· to• provide a.-rc·e:fficieht" test o:f 
the sign:tf"icaiu~e- of tlie differences "between 
two ·or more· groups ·sifuultane6usly·.:: •• · From 
this relatively simple ·design, i.e.,· single 
classification~ the method has· be·en expanded 
so as to .. be applicable ·to·the analysis of 
several complex_ e~perimental ~esigns.n 
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Analysis of variance.determines an F ratio which is then 
compared with Snedecor's!/ table to determine its signif-
. l . .. .. ·-· .. - • 
I 
icance. The smaller the F r~ti~, the greater confidenc~ 
one may have that there is no appreciable difference between 
the groups. The upper limit of F values that would be 
expected in 95 out of 100 samples is referred to as the 
5 per cent critical value of F, 01 ... the n5 per cent level of 
significance." The upper limit of F value that would be 
expected in 99 out of 100 samples is referred to as the 
11 1 per cent level of signif~c~n?~·'" In this study, the F 
I 
ratio will be considered significant at the 5 per cent level 
made on each subject in any number of groups. The formula 
used in obtaining the F ratio fox• simple analysis of 
variance is included in Appendix A. 
I 
The number of degr __ ees. ~t.:. f.r~~d<?m in simple analysis of 
vL:-iance is~ for between variance - one less than the 
1JG. w. Snedecor, ·statistical· Meth:ods, Iowa State College 
Pre~s,_!mes, ~owa, 1~~7~ PI?• ~74-1?7• . _ 
YJ·. E. Alman, Mimeographed Notes on Models T throU.gh v, 'f·or. 
Course EP766, Boston University, Boston, Massachusetts, 1958. 
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numb~r or groups; and ror within variance - the total 
numb~r of individuals in the investigation minus the number 
' i 
or g~oups. The F ratio is determined by dividing the within 
meanisquare into the between mean square. Table 2 presents 
! 
the analysis of variance for the equating scores which were 
I 
presented in Table 1. 
Table 2. Analysis or Variance or Equating Scores 
for Subjects in the Three Experimental Groups 
Source of Degrees of Sum of Mean 
Varfation Freedom Sguares Sgua:res F Ratio 
{lJ (2 J (,~ J nD C2J 
Between Groups 2 32.54 16.27 
Within Groups 132 47 ,42o. 99 i 359.25 .o4 
132 
the 
;with degrees of freedom of 2 (between groups) and 
' 
(!within groups) the 'F ratio would have to be 3.06 for 
I 
I difference to be considered significant at the 5 per 
cent hevel of significance. The F ratio of .04, therefore, 
'I is not significs.nt. The null hypothesis (that there is no 
sign~ficant difference in the equating scores of the various 
'i 
groups) must be accepted. 
I 
~dditional data on the groups.-- Although the equating 
: 
score' (best circuit on the equating day) was the only measure 
usedlte separate subjects into groups, a comparison of the 
groups by other factors was also made. Suqjects in the 
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three groups were compared in intelligence quotiemts, ages, 
grade level, medi~ equating day score, and mean equating 
day scores. 
An analysis of variance was made on each of the 
additional factor.s to determine if there were significant 
differences between the groups. Table 3 contains information 
on the intelligance ~cores. Scores on the Pintner Inter-
mediate Test (Form A) of General Intelligence were used. 
Each boy included in the study took this test while he was 
in the sixth grade. 
Table 3. Comparison of General Intelligence Data for 
the Three Experimental Groups 
Group Number of Total Mean S,tandard' 
Subjects Deviation (1) (2) (3) (4) <5) 
:t 47 5147 109.5 1.4 
II 44 4727 107.4 1.8 
III 44- 4911 111.6 1.3 
Table 4. Analysis of Variance of the Intelligence 
Quotients of Subjects in the Three 
Experimental Groups 
• Source of Degrees Sum of Mean 
Variance of E~eedom Sqnax:es SQ.lJ a:ces E Ratio (1) (2) (3) U-1-l (5) 
Between Groups 2 384.73 192.36 
Within Groups 132 30,606.97 231.87 • 83 
An analysis of variance for group intelligence scores 
is shown in Table 4. Since the F ratio is much less than 
the required 3.06 (for the 5 per cent level of confidence), 
the difference between the intelligence scores of pupils 
in the three groups is not significant. 
Table 5 presents a comparison of the ages of subjects 
in the three groups. Ages were taken to the nearest 
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birthday of each subject at the beginning of the experiment. 
Subjects in the experiment ranged in ages from 12 to 15. 
Table 6 includes an analysis of variance of this data. 
Table 5. Comparison of Ages in Years for Subjects 
in the Three Experimental Groups 
Group 
(lJ 
:t: 
II 
III 
Number of Total 
Subjects (2) (3) 
47 601 
44 578 
44 562 
Boston University 
Eobool bt Education 
Library 
Mean Standard. 
Deviation 
(1}) (5) 
12.8 .90 
13.1 .81 
12.8 .67 
Table 6. Analysis of Variance of the Ages for 
Subjects in the Three Experimental 
Groups. 
Source of Degrees of. Sum of Mean 
Variation E-reedom Squares Stuares F Ratio ~1) (2 J UJ ~) C~J 
Between Groups 2 3.77 1.88 
Within Groups 132 186.78 1.1+2 1.32 
Table 6 includes an analysis of variance of the ages 
of subjects in the three groups. The F ratio is not 
significant. Thus the conclusion can be drawn that there 
is no significant dif'ference among the age levels of the 
three groups. 
The grade level of subjects was also compared to see 
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if diff'erenees existed between groups. This data is 
presented in Table 7. All subjects included in the experi-
ment were in grades seven and eight. 
Table 7. Comparison of' the Grade Level of Subjects 
in the Three Experimental Groups 
Group Number of' Total Mean Standard 
Subjects Deviation (1) (2) (3) (4) (5) 
I 4-7 347 7-4 .50 
II 44 329 7-5 .5o 
III 44 322 7.3 .47 
Table 8. Analysis of Variance of the Grade Level 
for Subjects in the Three Experimental 
Groups. 
Source of Degrees of Sum of Mean 
Variation Freedom SJ'uares Stuares F Ratio { 1 J {2) (3 IiJ C~J 
Between Groups 2 .55 .24 
Within Groups 132 31.64 .28 1.17 
Table 8 includes an analysis of variance of the age 
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level data of the groups. The F ratio of 1.17 for grade 
level is not significant. Therefore, the slight differences 
in the grade level must be considered insignificant. 
Mean sc,.ores made on the first practice day :b..ave often 
been used as the criterion for equating experimental groups. 
Mean scares on the equating day .for groups included in this 
study are presented in Table 9· Each subject's mean score 
was obtained by computing the average of the .five circuits 
on the equating day. 
Table ~o Comparison of Mean Equating Day Scores for 
the Three Experimental Group3 • 
Group (1) ~?,~jects T~!jls Mea~ <4 Bta~d~ld ev aon (5) 
t 47 194.5 4•1 1.3 
II 44 1?8.4 4.1 1.3 
III 44 183.'2 4.2 1.2 
Table 10. Analysis of Variance of the Mean 
Equating Day Score for Subjects in 
the Three Experimental Groups 
Source ol' Degrees of Sum ef Mean 
Variance Freedom sruares Squares F 
~lJ (2 J 3) . (?± J 
Between Groups 2 31.59 15.80 
Within Groups 132 20,551.18 155.69 
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Ratio {2J 
.10 
Table 10 includes an analysis of variance of mean equating 
day performances of the groups. Since the F ratio for mean 
eq~ating day scores is only .10, the differences between the 
groups must be considered non-significant. 
Median equating day scores are presented in Table 11. 
The medim score is the middle score of the five circuits 
practiced on the equating day. 
Table 11. Comparison of Median Equating Day Scores 
for the Three Experimental Groups. 
Groups Number of Total Mean Standard Subjects Deviation 
(1) (2) Q) <4J (5 J 
I 47 192.6 4.1 1.4 
·II 44 182.1 4-1 1.5 
III 44 186.7 4.2 1.2 
Table 12. Analysis of Variance of the Median 
Equating Day Scores :for Subjects in 
the Three Experimental Groups. 
Source 0f Degree o:f Sum of Mean 
Variation Freedom S1uares STu ares F Ratio (1) {2 J 3) 4) (5} 
Between Groups 2 50.50 25.25 
Within Groups 132 26,838.71 203.32 .12 
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Table 12 includes an analysis of variance for median equating 
day scores of the groups. The F ratio of .12 is much less 
than the 3.06 required :for a significant difference. There-
fore, the differences noted in group equating day medians 
must be considered non-signi:ficant. 
It should be noted that when the experimental groups 
were equated on the basis of best equating day circuit 
(Tables 1 and 2), they were at the same time equated in 
terms 0f intelligence scores, ages, grade level, mean 
equating day score, and median equating day score. 
2. Comparison of Group Performances 
Performance data.-- Tables 13, 14, and 15 present a 
composite of all seorew made by the three groups during the 
total experiment. The daily score of a subject is the mean 
of all circuit scores for that day. For subjects in Group I 
this is an average of two circuits. For Group II subjects 
the average of five circuits is taken, and for Group III the 
average of eight circuits is used. The practice day sc0re 
for a group is the mean of all individual score'S' tor that 
practice day. Figure I illustrates the daily meari scores 
made by all groups during the experimental period. 
Table 13. Performance Scores for Group I (2 Circuit 
Group) on All Practice Days, the Equating 
Day, and the Retention·Test 
Practice Day Total Mean Standard 
Deviat-lon (1) (2) £3) <4j Equating 194.5 .1 1. 
1 
"_3·3 7.5 1.'8 2 5.8 9.5 1.7 
~ 525.9 11.2 2.0 585.4 12.5 2.0 616.3 13.1 2.0 
6 652.7 13.9 2.5 
7 678.0 14.4 2.3 
8 693.5 14.8 2.2. 
9 708.9 15.1 2.3 10 737.3 15.7 2.7 
Retention 797.5 17.0 2.2 
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Tables 13 through 15, and Figure ! seem to clearly 
indicate the superiority of Group III over Group II - and of 
Group tr over Group I. Further, this superioriV,r seems 
evident from the beginning of the experiment. An analysis 
of variance was made on overall group performances to 
determine if these apparent differences were statistically 
significant. Similar statistical analysis were made for 
specific phases of the practice period, and for the retention 
performance. 
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,, 
14. (5 Circuit Table Performance Scares for Group II 
Group) on All Practice Days, the Equating 
Day, and the Retention Test 
Practice Day Total Mean Standard 
' Deviation 
~1) . ~2) ~2) UD Equating 178.4 .• 1 1.3 I 1 388.5 8.8 2.1 
I 
2 518.1 11.8 2.5 
~ 585. ~- 1~.3 2.5 I 652.4 1 .8 2.8 I 695.5 1.5.8 2.9 
6 728.6 16.6 2.9 
7 7k9· 17.0 2.6 8 7 7.0 17.9 3. 
9 797·2 18.1 3.2 10 811.3 18.4 3.6 
Retention 831.5 18.9 3.3 
I 
Table 15. Performance Scores for Group III (8 Circuit 
Group') on All Practice Days, the Equating 
Day, and the Retention Test 
Practice Day Total Mean Standard 
I ])aviation 
I {1) £2) P' {!;b J E,qua.ting 13.5 .2 1.2 
I 1 422.5 9·6 1.9 
'I 2 583.0 13.2 2.9 :\ 
I ~ 679·4 15.4 3.4 I ' 739.q. 16.8 3.:5 770.0 17.5 3.5 
6 801.9 18.2 3.3 
7 821.1 18.7 3.1 
8 85~.5 19.~- 3.1 
9 86 .o 19.7 3.3 10 892.1 20.3 3.1 
Re,tention 909.9 20.7 3.0 
r:.1 
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Statistical Techniques.-- To test dif~erences among 
growth patterns o~ the groups,. Alman t sY Model IV ~or 
analysis o~ variance was used, This model is designed to 
analyze dif~erences among any number o~ groups wbere 
repeated trials or practices are made by subj ects in each 
o~ the groups. 
Alman states that: 
"The model ia very usable in education 
research ~or we can think o~ the trials as 
representing chronological stages in the 
learning process, the groups as representing 
subjects learning under dif~ering conditions. 
The crucial i~ormation to be extracted ~rom 
such a design concerns the null hypotheses 
that learning rates (variation among trial 
means) ~e equivalent for the several sub-
groups. 
. - f 
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By using the ~ormula~/ ~or this model, signi~icant differences 
can be noted for groups, trials, subjects, interaction, 
residual, and total. 
Comparison o~ overall group performances.-- Table 16 
presents an analysis o~ variance of the performances of 
1/ .J .E. Alman, oj), cit., p. 8 .. 
E./Ibid., p .. 3. 
,J/The formula used ~or computing analysis o~ variance -
multiple classification is included in Appendix A, 
all groups for practices one through ten. 
Table 16. Analysis of Variance of All Group :Per-
formances Du:ring :Practices One Through 
Ten 
Source of 
Variance 
Groups 
Practices 
G X P 
Subjects 
. . . . . 
Degrees-of 
Freedom 
(2) 
2 
sum of 
Squares 
( 3) 
•• :a. ............ • ••• 
394,469.24 
• I'' .. 
9 
18 
1,106' 037.22 
....... J 
13,453 .. 01 
.. .. .. - ~ 
569,278.07 
. .. . . ...... --· ' 
Residual 1188 457 ,137~77 
.. J ~ •• 
Total 1349 2,540,375.31 
Mean 
Square 
(4) 
197,234.62 
F Ratio 
(5) 
45.74** 
122,893.02 319.37~~ 
1,474.78 3.83* 
4,312.71 11.2li~ 
384.80 
* 
denotes· that the F ratio is si(?;nif~cant to the 5 per 
cent level of c onfid enc' e 
** 
denotes that the Fratio is significant to the 1 per 
cent level of confidence 
The F ratio for groups is 45.74, and is significant. 
' --
This signifies that the groups have performed an different 
. . . .. ~ .. ~- .. 
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levels during the ~xperimen~. Group I_II, therefore perf<?rmed 
significantly b~tter tJta.n. d~~ either of the other g:r:oups. 
The variance for practices is also significant. This 
indicates that scores for the groups~~re changing from 
practice. to practice. Since these scores are imp:oving, it 
is evident that learning is taking place. Interaction 
between groups and practices (G X P) determines whether the 
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ohange from practice to practice is equivalent for all groups. 
The significant interacti9n here indicates that the grov_ps 
varied in progress from practice to practice. This variation 
can be seen in Figure 1, as the angles of the learning curves 
are different - at least for part of the experimental period. 
The· significant F ratio for subjects shows that there is 
variation among subjects Who took part in the experiment. 
The statistical method:, therefore, can detect individual 
differences among subjects. 
• ..,. ·- ' ........... '.. ..... .._ .. ~- ""' • -¥ • 
It has been shcwn ??:. s~~t~~tical analysis that the groups 
varied in their growth patterns. Group III (8 Circuit Group) 
imp
1
roved faste:r, ·an.~ -~tta~.r:~?- a highe:t' l~yel. of performance than 
did! the other gro~~~-~ Group-II (5 Circuit Group) performed 
better than did Group I (2 Circuit Group). 
. . .. 
Careful analysis of Figure 1 and the summary data in 
Tables 13-16, hcwever,. s~emed t?_ indica?e that most var-
iations in the learning curves occur early in the experi-
mental period. It was noted that from the fourth to the 
tenth practice, Group III advanced from a C score of 16.8 
to.20.3 (a total of 3.5). For the same period Group II 
advanced from 14.8 to 18.4 (a total of 3.6). Group I gained 
from 12.4 to 15.7 (a total of 3.3). To determine exactly 
. ~ . . .. 
when during the experimental period significant growth. 
l '•' .. -· . - -·· ~ . -· -
I 
variations took place, group performances were compared, 
(1) For the first two practices, (2) F0r practices tbree 
and four, and (3) For practices five through ten. 
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Comparison of group'perfoPmances during practice periods 
one and two.-- An anal~sis of variance of performance during 
I 
practice periods one and two was completed for all groups. 
Table 17 contains the resuJt s of this comparison. 
Table 17. Analysis of Variance of All Group Per-
formances for Practice Periods One and 
Two. 
Source of Degrees of Sum of Mean 
Variance Freedom Sg_uares Sguare F Ratio 
~1) {2) UJ Ui:J {~ J 
Groups 2 39,775.61 19,887.81 23.93~-
Practices 1 54,215.84 54, 215 • 84 412 • 54·X--if 
G X P 2 3,246.10 1,623.05 12.35~H.!. 
Subjects 132 109,681.93 830.92 6.32'il-~ 
Residual 132 17,348.06 131.42 
Total 269 224.,267.54 
** significant to. the i per cent level of confidence. 
~11 F ratios in Table 18 are significant to the 1 per 
cent. level of confidence. This means that: (1) there are 
significant di.fferences between the overall performance 
scores of the groups; (2) a significant degree of learning is 
taking place; (3) the groups are progressing at different 
rates; and <4J there are individual differences between 
subjects. It can be noted that the F score for interaction 
(variations in growth p~tterns) is greater for this period 
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than for any _other phase of the experiment. 
Gomparison of group perform81lces during practice periods 
tr~ee and four.-- Table 18 presents an analysis of variance 
of all group performances during practice periods three and 
fcur. F ratios in this table indicate that the ~erformance 
levels of the groups are significantly different. Differences 
between practices are_l~kewi~e.different, indicating that 
learning is still taking place. The F ratio for interaction 
(G X P), however, is insignificant. This indicates 
•• • •• ¥ '. 
that the groups progressed_ a~ approximately t~e same rate 
for practices three and four. In other words, Group I is 
gait?-ing in numerical scores ~~at_ as ~ast as Groups II and 
III. At this point in the eXPeriment there are no signi-
fican t. differences ·among the performances of subjects in 
the experirnen t. 
Table 18. Analysis of'" Variance- of All Group Per-
formanc-es for 'Practice Periods Three 
and Four 
S_ou:rce of 
Variance (1) 
Groups 
Practices 
G X P 
Subjects 
Residual 
Total 
Degrees ·of 
Freedom 
SuJiJ.- of 
S{uares {2) 
2 
1 
2 
132 
132 
269 
3) 
84,?+3.26 
12,882.32 
.... \ 
75.92 
. ' 
100,786.02 
101,42+.26 
~ . .. ' ' . 
299,378.78 
42,165~74 
12,882~32 
37.97 
763 .. 53 
768.34 
F Ratio 
(5) 
55.22?H~-
.05 
.99 
** Significant to the 1 per cent level of confidence. 
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Comparison of group performances during practice periods 
five through ten.-- Table 19 includes an analysis of 
variance of all group scores for the remainder of the regular 
practices, i.e., five through ten. 
F ratios indicate that the groups are operating at 
significantly different levels. A significant degree of 
learning is taking place. The F ratio for interaction 
(G X P) is insignificant. This indicates that there is 
I 
no:real difference among the groups in the learning trend. 
·i 
Thus all groups are progressing at approximately the same 
rate for practice periods five through ten. 
Table 19. Analysis of Variance of All Group 
Performances for Practice Periods 
Five Through Ten 
. Source of Degrees o:f Sum of Mean 
Variance Freedom Sg,uares Sguares {1 J {2 J {3) {4) F 
Groups 2 279,953.50 139,976.75 
Practices 5 64,334.72 12,866.94 
GXP 10 657.90 65.79 
. Subjects 132 578,932.83 4,385.85 
, Residual 660 118,245.72 179.16 
Total 809 1, o42, 124.67 
Ratio 
(5) 
31. 92~rn 
71. 82~Hf-
.32 
2~ .• 48~f-~ 
*?E- Significant to the 1 per cent level of confidence. 
Observations on the performance of all groups.-- It 
should be noted that each group improved significantly 
during each practice period. There are no obvious pla8eaus 
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in any of the learning curves. This probably is attributable 
to: (1) the rather large numbers in the groups; (2) the 
spacing of practices (2 practices per week for all groups); 
and (3) the fact that neither group closely approached its 
maximum performance during the experimental period. 
It has been sho~ that there was no significant dif-
ference in the numerical growth of the three groups from 
practice three through practice ten. The longer practices 
show advantages only during the first two practice periods. 
This is true despite the fact that Group III was practicing 
four times as much as Group I on each practice day. Group 
I 
II practiced two and one-half times as much as Group I 
! 
on each practice day. 
The groups were operating on three different levels 
throughout the experiment. The numerical equivalence in 
improvement therefore, may not be proof that the actual 
learning was in like proportion. This would be especially 
doubtful if ei tber group had closely Ep p:> oaehed ita peak 
performance. It seems, however, that neither group bas 
begun to slow down ~ 11' eciably. For example, Group III 
continued to improve -in the later practices at about the 
same rate as it did in middle practices. During practices 
five, six, and seven this group improved numerically 1. 9 in 
C seores. For practice periods eight, nine, and ten the 
numerical improvement was 1.6 in C scores. This would seem 
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to~indicate that the point of most difficult improvement 
was not reacbe d. 
Tables 20, 21, and 22 present.mean circuit scores for 
all practices in the experiment. These tables show 
fluctuations from circuit to circuit during the practice 
,i 
peri0d and between practice days. Figure ? illustrates 
i 
th~se variations. 
Table 20. Mean Daily Circuit Score for Group I 
(2 Circuit Group) in All Performances 
(1) 
Equating 
1 
2 
~ 
6 
7 
8 
9 
10 
Retention 
Table 21. Mean Daily Circuit Score~ for Group II (5 Circuit Group) in All Performances 
Equating 
1 
2 
~ 
6 
7 
8 
9 
10 
, Retention 
Circuit 
Sc6re 
(7) 
4.1 
8.8 
11.8 
13.3 
14.8 
15.8 
16.5 
17.0 
17".9 
18.1 
18.4 
18.2 
Table 22. Mean Daily Circuit sc·orea for Group III 
(8Circuit Group) in' All Performances 
J?ractice Day .. Gir·cuit 
1 2' 3 4 5· 6 7 8 ( 1) (2) {3) ( 4·) (5) (6) (7) (8) (9) 
Equating 2;3 3~8 4;3 4;9 . ·5; 6 
l 7:2 8:3 9:o 9;6 ro:o 10:4 ro:8 11:5 
2 11:8 12~4 12;7 13:3 1'3~3 13:7 14:1 14:8 
'3 13:6· 14:7 15:3 15:4 15:'7 15~9 16:5 16~3 
4 15~6 16:1 16:4 17:0 17:1 17 ;2 17:8 17.4 
5 16:9 16:9 17 :·6 17 ~3 17:1. 17:6 1s;2 rs:·5 
16 17;6 17;3 18:1 :r8;6 19:5 19:0 19:3 19:3 
i7 
., 17:7 17~9 17:9 18:4 18:4 19:0 19:7 20:4 
8 17:8 18:6 18:6 19;2 19;8 20:1 20:6 20~7 
.9 19:3· 18:8 rs:a 19:5 20:1 20~0 20:2 20~8 
10 18:9 19:4 20~2 20:8 20:9 20.5 20.5 20.9 
Ret~ntion 20.0 20.5 20.8 20.9 21.2. 
ComEarison of grouE Eerfonnancea. at the retention 
.. ... 
- - . 
•··· 
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Mean 
Circuit 
rr8fe 
4~2 
9:6 
13:2 
15:4 
16~8 
17:5 
18~2 
18.7 
19.4 
19:7 
20 ~3 
20.7 
teat.--
I . 
Nineteen days af~er the_ ~_er~~h P:~ctice, _all gr~up~ were given 
:i 
a retention teat. The purpose of this teat was to determine 
I . . . . . . . .... ~ . 
which' of the groups retained a.-. g:e~~er. degree of the skill 
attained during all previous practices. On the retention day 
·.-: -
I 
all s~bjects comp~eted five circuits on the stabilimeter. 
These retention scores ~re incl~ded w~th the regular practice 
scores in Tables 2~,. 21~ and 22. It can be noted in those 
il 
table~, and in Figure 1, that all gro11.ps did better at the \. -· ... 
retention check than they did at the tenth practice. In 
.. . 
fact, Groups I and II improved more from the tenth practic~ 
. - .. ' 
I 
to th~ retention check than they did from the ninth to the 
.. . 
tenth, practice. 
Group I improved more au:r~ng th.e retent~on. period than 
did either of the o~he;r groups. _G:ou~ II improved slightly 
more than Group III. An analysis of variance was made on all 
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graups to determine if improvement from practice ten to the 
retention test was significan~1y ~ifferent. Results of this 
analysis are included in Table 23. 
Table 23. Analysis of'Variance·of All Group Per-
fo~mances for ~ractice Ten and the 
Retention Tes.t. 
Source of Degr·ees ·of Suin of- Mean 
Variance· Freedom S{ual"es ' Squares F Ratio (1) (2) 3} {4) (5) 
- . 
Goups 2 78, 9_24~80 39,462.40 26.25-lh't:-
Fractices l 3,571~57 3,511.57 9.32** 
-
GXP 2 :).,107.51 553.76 1.45 
.... t. 
" 
Subjects 132 198,413.35 1,503.13 3. 92~' 
¥ • • • •• . -
Residual 132 50~596~9.2 383.08 
I 
Total .. 269 332~584.26 
* Significant to the 5 per cent level of confidence~ 
**Significant to the 1 per cent level of confidence. 
It can be noted by the significant F ratio that the 
groups_are still perforr.ni~g at·di~f~r~nt levels during the 
terith practice and the retention performance. The ratio for 
practices indicates t~~~-s~_gn~~ic~~ growtll took place during 
I 
this period. The F score of 1.45 for interaction (G X P) is 
., 
not la~ge enough iJo be considered significant. 
3. Relationships .among general intelligence and per-
formance s.car es. 
!£telligence quotients and performance.-- Psychologists 
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and researchers have often suggested'a close relationship 
between one's intelligence and his ability to learn a motor 
skill. The theory was explored in this study. Intelligence 
quotients from the Pintner Intermediate Test of General 
Intelligence were obtained for each subject in the experiment. 
These scores were correlated with performance scores at all 
pha~es of the experiment. 
: The Pearson product-moment coefficient of correlation1/ 
. I . 
:r 
was i obtained in all comparisons made. The writer began this 
•I 
I 
pha~e of the study with the null hypothesis that there is no 
' ' 
i 
cortela tion between one's intelligence and his performance in 
lr . 
tbe !mirror tracing skill. ! . 
Table 24 presents the sum of coefficients of correlation 
between intelligence quotients and performances throughout 
the experiment. To determine significance for the values 
of l]' tle Wallace-Sne&.eorgj tables were used. This table is 
a rather gross criter~ for accepting or rejecting the null 
hypothesis that there is no correlation between two variables. 
The number of degrees of freedom for this population is N-2, 
or 133. 
,, 
,, 
·: 
1/An explanation of how the Pearson product-moment coefficient 
of eorrela tion was obtained is included in Appendix A. 
g/From Guilford, J. P., Fundamental Statistics in Psychology 
and, Education, (2nd Edition) McGraw-Hill Book Company, Inc., 
Ne~ York, 19~0, pp. 609, 610. 
: ' 
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Concerning the significance of correlations, Guilford!/ 
states that:: 
"What WOlJ_ld be a large correlation coefficient 
for one purpose would be regarded as a small one 
for another. Interpretation is- therefCFe largely 
a relatively matter; relatl.ve to the· area of 
investigation in which we are working and to other 
factors. n 
With 133 degrees of freedom, the Wallace-Snedecor tables list 
r 1 s of at least.l7 as significant to the 5 per cent level of 
- . 
confidence when t4e r'is as high as~22, it is signl.ficant 
• - Iii • - . . - ·~ • ~ .. 
to the 1 per cent level of confidence. 
Table 24. Comparison: of General Intelligence Scores 
to Performahc e in the Mirror Tracing Skill 
for All Subjects Included in the Study 
Performance 
1 
Equating Score 
Mean ·Equa tirig Day· -
Median Equating Day 
Mean Practice 1 
Mean Practice 2 
Mean Practice 3 
Mean Practice 4 
Mean Practice 5 
Mean Practice 6 
Mean Practice 7 
Mean Practice 8 
Mean Practl.ce 9 · 
Mean Practice 10 
Mean Retention 
-·Mean 
Coefficient of 
C orrela ti on 
. 2 
:o5 
~13 
~13 
~19~, 
:20* 
~18* 
;22*-~· 
;19* 
~15 
;24**· 
;22** 
~15 
;16 
~22*i.'-
* Significant to the 5 per cent level 
*~Significant to the 1 per cent level 
of confidence: 
of confidence. 
All correlations in Table 24 are positive. The mean af 
these coefficients is significant to the 5 per cent level of' 
. . ' ... 
confidence. ~here~ore, the null hypothesis (that there is no 
.iJop. cit., p. 165. 
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correlation between general intelligence and performance in 
the mirror tracing s~ll) can be rejected. 
, Correl~tions amo~g. ea~ly ~d la~e performances.'\'"-
Researchers, teachers, coaches, and others are constantly 
~ . .. . . 
striving to dete~mine b~tter_ mean~ of predicting future 
perf,ormance of m1.bj ects. 
I -. 
This writer_- s cu.ght to ~et. ermine, as 
mue¥1 as was ]>ossible with the ?-Vailabl.e evidence, w);lie!;l of the 
i - - ' . . -
ea-r1u performances was most closely r~lated to later S1!LC cess 
' . . ~ -
in the mirror tracing skill. Coeffie~ents of correlatiio-.a were 
obtalim.eQ. '!Detween a ni!'UD.ber of early pe·rformanc e scores and 
late!!' SC•0il?es. E,ach 0f the three equatiBg Giay sceres (best 
cir~uit, mean, and median) were compared with other equating 
. ; . . . .. ~ . .. .• . . . . . . 
score<s, all practice scores, .and the retention performance. ! . ' . • . • . . . . 
Mean scores made at the first, s.eeo:nd,, and fif~h practices 
were also c ompar,ed wi!tll all other per:t'ormane es. These com-
parisons are sh.own as coefficients of correlt:ttioo in Table 25 .. 
Table 25. '. -[:fu.t·e~c.oi:.rela 't>-i ens· .. 0f Gertaiii 
~~ Scores in· the Mirror Tracing 
all &tbjects Included, 
,._ 
'Performa.nc e Score Best Meim Equat·. ··· E~ 
Circuit ·na.y 
Equating Score 1~00 ~90 
Mean Eque:'tillg Day ;go 1;oo 
Median Equating Day ~80 ~93 . 
Melan J?raetice 1· ~57 ;6'1 
Mean Fractice 2 ~33 ~35 
Me"BJ:il P.rac·~:tee 5 ~32 ;34 
Me:an 'P,ractice 4 ;zg ~34 
Me: an Practice 5 ~31 ~35 
Mefan Practice 6 ;z8 ;3i 
Meiim Practice 7 ;2·5 ;28 
Mef3,.n Fractice 8 :25 ~29 
Mean Practice g· ;20 ~25 
Mean Practice 10 ;2o ;25 
Retention .28 .31 
Mean correlation with· 
all practices andnt.30 .33 
'I 
J' 
Med. 
]5. 
Day 
~80 
;93 
1;eo 
;6® 
;34 
~34 
~35 
;·35 
;31· 
;z6 
;27 
~22 
;24 
.30 
.33 
! 
i !If:: i 
in the 
Mean 
1st 
~57 
;·6·1 
. ; 60 
1;oo 
;79 
~76 
;73 
;74 
~70 
;69 
;7·2 
;67 
;65 
.64 
.74 
Perf-@rma.nee 
Skill for 
Study 
Mean M·ea.n 
2nd 5th 
~33 ~31 
;35 ;35 
;34 ;35 
;o/9 ~74 
1;oo ;82 
~88 ~87 
~83 ~89 
~82 1~00 
~81 ~89 
~80 ~85 
;82 ;86 
;79 ;81 
;73 ~82 
.74 .81 
.82 .85 
1 '·-. 
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All correlations shown in Table 25 are positive, and 
are significant to the 1 per cent level of confidence. As is 
shown in the Table~ some scores a!'e correlated with the same 
score. The coefficient in this case is 1.00 or perfect 
corr1ela tion. 
Careful analysis of other coefficients in the table 
reveal that correlations are hi€$her ,~~ong :r:egular practice 
I 
i 
sco1es than between equating day ~~rformances and regular 
practices. Correlations of the first, second, and fifth 
. . . .. . . . . - -
practice day show ~hat -~ener~~ly the_later in the experimental 
·; 
I 
period one waits, the more accurate can be the prediction of 
future success. 
On the basis of this data there seems to be little to 
choose between the equating method used in this.study (best 
circuit on the equating day) an~ ~he lD.~an .. or media~ .. eq1 ating 
day· score - as an equating method. 'Each of these scores 
,. - ,, . 
correlated much higher wi~h future perf?rmances_than did 
the intelligenc~ quotien~. It can be noted that practice 
period five correlates hig~~r w~~h over all performance than 
does practice periods one or two. Practice period two, 
·' 
how~ver, being ear lie~_ ~'D:. th~--- ~XJ?er~~e?~al period a~d 
sufficiently __ high in corr~~B:t~on, appea.r.s to be a more 
practical criterion for predicting future success. 
I 
CHAJ>TER V 
SUmmary, Conclusions, and Limitations of the Study 
Review of Research Procedure.--. The purpose of this 
study was to determine the effect of three different 
' i 
prac~ice schedules on the learning of the mirror tracing 
i skil~. The apparatus used was the stabilimeter. One 
hu.na.ted and ~ixty-:eigh~- jUIJ.ior _?-igh school b?ys took part 
in the study. Three exp~riment~l groups practiced on 
different time schedules. Interpolated periods between 
practices were held constant for all group~. Each group 
practiced two days per week for five weeks. The practice 
periods were always se~ara~ed by one day. All groups, 
therefore, were on spaced p:actic~ schedules. 
;The only variatior_l in practice fc:>r the three groups 
,, 
was the length of the practice perlod. Group I practiced 
the mirror tracing skill two circuits on each practice day. 
Group II practiced five circuits and Group III practiced 
eight circuits on each practice day. Group I, therefore, 
practiced a. tot a.l of 20 (}~ ~u~~~-'- ?:roup_ II practiced 50 
circ-dits, and Grau.p III practiced a total of 80 circuits 
durimg the experiment. 
!The groups were ~q~ated d~ring the week prior to the 
beginning of regular practices. On the equating day, each 
.... -· . . - . . -.-. . .. 
subject practiced five circuits. The best circuit score 
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among those five was used as the criterion for equating the 
groups. Almost three weeks after the final practice period, 
a five circuit test was given to all subjects, to determine 
the retention:\.level of the three groups. 
'i The groups were compared by statistical analysis at 
I . . . 
the >beginning of pra~tices, and at various phases throughout 
the experiment. Differences among group performances were 
considered significant at the 5 per cent level of confidence. 
Eac~ subject's intelligence quotient was compared with his 
! 
performance throughout the experiment to determine if one's 
general intelligence is related to his performance in this 
skill. Coefficients of correlation were computed between 
. . . 
genepal intelligence scores and performance at each practice 
.i 
perfod. 
Summary of findings.-- Statistical analysis of the 
data! revealed that: 
1. At the beginning of the experiment there were 
no significant differences among the groups in 
regard to equating day performances, i.e., mean, 
median, or best circuit. Likewise there were 
no significant differences in the intelligence 
quotients, ages, or grade level of subjects 
in the three groups. 
2. In overall performance throughout the experiment, 
Group III (8 circuit group) did significantly 
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better than did either of the other two groups. 
Group II (5 circuit group) performed signifi-
cantly better than did Group I (2 circuit group). 
3. During practice periods one and two, '- _.·,:, ... 
significant differences were noted in the per-
formance levels and in the growth trends of the 
groups. Group III improved more rapidly and 
attained a higher level of efficiency than 
Group II. Grouw II, in turn improved faster 
, 
and attained a higher-:'Jevel than did Group I. 
4. During practice:'periods three and four, the 
performance level of the three groups-remained 
in the same relative order as stated above. 
No differences among the groups were noted, 
however, in the degree of improvement during 
this period. The angle of the learning curve 
was essentially the same for the three groups. 
5. From practices five through ten, ·the groups 
\.. 
continued to perform at significantly different 
levels. Group III remained highest, Group II 
next, and Group I lowest. ~ring this period 
all groups improved in performance at approximately 
the same rate. Analysis of variance revealed 
that there were no significant differences 
between the daily increments of the groups. This 
. ~ .. ~. . . '.> 
i; .• 
• . . •• ~ "<f. •• 
,l 
'/·· 
:! -~ :; 
was true despite the fact that Group III continued 
to practice. ei~:q.t _ ~~r~':-i ts_ on _e~<?h p~a~tice day, 
Group I:t _l'ive_ ~ircuits, and Group I two circuits, 
on each practice day. 
6. ~11 __ groups imp:trov.ed consistently from practice to 
practice throughout the experiment. None of the 
' ' ~ A •J 
groups :~ached a plateau. Maximum performance 
•• d. • 
apparently was not reached br_ -~~~her group. 
7. At the retention check, all groups performed 
~ • ~ 0 ·- ... • ••A oo -~ ~A •••• 
signifie~~l!_ ?~~ter_ :~J:l~ they d~~ · at the last 
regular practice. Gro~~.!~I.remain~d signific~~tly 
~igh~~-tha~-~~e ~t~~~- ~ro~ps. Group I was still 
lowest. Group I, however,_ sJ:lowe?: a so1newhat higher 
~~unerical gain than did the other ~r._o"':'-ps fr?m the 
tenth practice to the retention cheek. Group II 
showed_a_sligJ:l~l! large: ga~n ~?-a.I?- d~?- 0-r~~P !II. 
The F ratio for these differenqes, however, was 
not significant .. 
~ f '•' • .r • 
B. All ~l'oups_ -~~~_er~lly sh?~.e~- ~~:tns f:;om circuit to 
circuit throughout the practice day~ Groups with 
-. . - ... - .. .. . .•. ... ' .... . ~-- . ~-· . .. .. " - .• ..... . ... -··- - . . ~ .. ... . . . . . - -
r£3J.~tively long prac;tice peri~ds, however, dropped 
.. ';t, - . . - ..... - ..... : - ... •· . • . . . .•.• _- ,. . '-. 
down between practice periods. The h.i..gh level of 
--~. -. • - • .... ...... • • • ... •. • .• ••• • .. - - .... ;_;· .... ...- • jo-<;· ... 
p~rformance a~tained ?Y GJ:>oups II and III late in 
t~e _ pr~c~ic e _ pe_rio?- w~~. ~o~ :~~~~~~?: at the next 
p;r>act;i..ce. After the fourth practice period, the 
first four circuits for Group III were consistently 
-- ' ~ ~ ..... i ....... ....., .... 1• . ' "'.1 ~ •. 
lower than the last four circuits of' the previcus 
practice. (Note Figu:e 2). 
9. There was a positive correlation between general 
ihm~elligence scores ru1d performances in the 
. ~ . . . . . . 
mirror t~acing sk~ll throu~hou~ th~ experiment. 
In most instances, how·ever, this cor relation was 
low. 
•' - - - - .... . ~ .... -.. --- "'' 
10. Intercorre~at~o~s .. ~ones ~~~~~f~g day performance 
(mean, median, and best circ~it score) were high • 
.. - . .. .... ... ·-~ . .. ... .. . ... ~ .. ~ .... ... - ·• . -~' . t ~ .... - . ~ ... -. -· . ..,. 
As a predictive index for future pePformance in 
~ .. . - -- • .... • ... ,.. .• ~ ....... -. .. .,... • ~ I.-. ·- - ..... ' ·.-
~his skill, th~y appear to b~ about equally 
. .. • ~ • • .. • . - ..... • ·~ ••• ••. ." •. ~ ... ) .. · .•• - 0 • • 
effective. Correlations between each of these 
..... - .. - .... . ' - -- . 
sc0res and performance at the first practice 
I , ••·' • •· . 
period were high. After the first practice, 
. - . .. . ' .·· . . --- - · .. 
however, the relationship between equating day 
-· . ···- . .... . - . . .. · . ... .... - ', ... .. .. .. . . -·. ., 
scoz: es ~nd ~ ac ti~ e pe:::~ orX?~ces dropped eff 
considerably. Neverth~1ess, these carrelatio~s 
.. ~ .. -" -. .. . - ... - ;,..._. . - -- ... - - .. 
remain sig~ificant for all p~actices in the 
experiment~ 
11. Intercorrelations amo~~ all re~l~r practice 
scores fo:r each subj ec:t were high. Performances 
- .. . . . ...... -~""-- -~· .. ·.· -~--""'.# 
on the first practice. ~=:?.l~~ ~ch more ~los ely 
related to sub~equent performances than was any 
equating day performance. Generally, there was 
."· r . 
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l 
a higher e0rrelation between practices which 
were close t?~ether_ tf1~_ ther~ was betw~en 
practices which were more wide~y spaced. Scores 
made during the second pra?tiee period~ however, 
showed high correlations wfth all perf'ormance 
thereaf'ter. 
+2. Although groups were equated prior to the 
beginning of' reg'lilar practices on the basis of' 
. ... ' '· .. , . . . . . . . ~ ' .. 
best circuit score, it was later- determined that 
.. . .. ~ .. '~ 
there was no significant diff'erences among them 
in regar~ to me~--~nd median. ~q~~~ing day per-
f'ormance, intelligence scores, grade level~ an~ 
age. 
13. All groups were approximately equal after 20 
circuits of practice, regardless of the time 
during the experimental period at which this 
came (note tables 20, 21, and 22, and Figure 2). 
This fact seems to indicate that:: (1) the rest 
periods employed were adequate, so that f'atigue 
- - 7 ..... 
did not affect the scores, and (2) the distributed 
practices prevented any inhibitory factor from 
entering into the learning process • 
. .. '. . . ·- ·- '· '.,. . . ..•. . . . -· 
Conclusions.-- The following general conclusions may 
I -- - - - - - • 
be drawn from the stuay. 
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1. For maximum learni_ng e.f:ficiency in the mirror 
tracing skill, r~?-a~ively_long practice periods 
are desirable du:ing the early stages o:f the 
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learning process. After a base has been established, 
2 .. 
however, lon~ pr~ct~?es show no advantage over 
shorter ones. Fo~ m? st. ~.ffic_iemt l?arning, 
therefore, practice periods should grow progressively 
shorter. 
After considerable skill has been developed 
(a.ft~r .four pr~c~ic_es in this ins~ance), 
efficiency exhibited late in the practice period 
' .. . . .. .. . 
is not reliable ..... ~h? J:l~gh level o.f efficiency 
attained by the eight circuit group during the 
late s~ages of_ the prac~i~e J?~ri~ was not 
carried over to the next practice. This group 
spent the .first hal.f of each practice period 
-. . . ., . . ~ -·. . -
regaining the skill which had been exhibited 
during t):le late .. sta~e~ .. o:f _the p:ev~?Us practice. 
3. The relationship between one's general intelli~ence 
and his performance in the mirror skill is low. 
The intelligence quotient, therefore, is- an 
. . .. . ,... . 
unreliable index of one's _future per.formance in 
' this skill. Either of the p&rformance scores 
• • • ~-' • • • J • ~ •• .. 
suggested ab?ye is. a better criterion.-
4~ There is a .. high correlation between the subjects 
best circuit score on the first day, and his 
mean and median performance on that day. ·These 
measures are about equally reliable in predicting 
one 1 s future perf?rmanc_e in the mirror tracing skill. 
5. As a predictive index for future performance in 
the mirror tracing skill, the me~n performance of 
the second practice appears to be the best. The 
correlation between this score and all future 
performances is hi gp.. 
Limitations of the studl·~- T~s study was designed 
foil. a nine week exp~rime~tal period, ir:cluding the equating 
and retention tests. Analysis of the data reveals that none 
qf the groups reached a plateau. Each group continued to 
improve with each practice. Significant findings may have 
been made if practices has continued until all groups reached 
a ,P:eak. A 12 or 16 week experimental period may have shovm 
somewhat different trends, as the learning curves flattened 
I· 
I 
out. 
Groups in this experiment practiced two, five, and eight 
I 
circuits on e.ach practice day. All groups generally improved 
' .. _, ·-· . - . 
from circuit to circuit throughout each practice period. 
- . . 
Practice periods up to ~2,_16, or 20 circ~~ts may have revealed 
additional i11formation concerning_ the eff~ct of ~on~er practice 
periods on the learning of ~he mirror tr~cing skill. 
The daily score for eac.h subject was the. mean of all 
circuits on that day. The group daily score was the mean 
sc'ore of all subjects in the group. If the best circuit, or 
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the mean of the two best circuits, had been taken as the 
daily score, somewhat different implications may have been 
. . . . 
noted. The best performance score during the work period 
will be especially meaningful_when a peak performance is the 
desired result. It was noted that even with the 8-circuit 
group the best score generally came toward the end of the 
practice. 
In this experiment the period between the last regular 
practice and the retention check was -:1.9 day~. It was fcund 
that each group improved during this period. A longer 
retention period (one to six months) may have revealed more 
acm1rately the effect of each of these practice schedules 
on the ret.ention of this motor skill. 
Each of the practice pe:r-i<?ds ~sed in this study was held 
constant throughout the experiment., A group using progressively 
increasing or decreasing practice peri.ods may have shown 
superior results. 
CHAPTER VI 
Suggestions for Further Research 
. " 
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The findings of this, and related studies discussed 
in Chapter II, indicate that our knowledge of time and 
practice factors which affect learning is far from complete. 
The need for further research is great. Especially is this 
trae in regard to the length of practice periods for all 
types of learning. However; the two time factors, i.e., 
(1) length of practice periods, and (2) spacing of practices, 
should be combined in research. Research should continue 
until desirable practice schedules have been established for 
all types of activities. It is probable that additional 
basic research (with a laboratory skill) is needed before 
regular sports skills can be experimented with most 
effectively. 
Some specific suggestions for future research are as 
follows: 
Experiment Design 
1. Additional research is recommended with the 
skill of m~r tracing, in which the length of 
the practice period for groups mi~fu~ vary 
during the experiment. Groups ~ould use 
progressively increasing or decreasing work 
periods. The practice schedule would be arranged 
in the following manner. 
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Group I. Practice the f'irst week (two practice 
periods per week) with eight circuits 
per practice period, the next week with 
seven circuits per practice period, etc. 
(down to the seventh week with two 
circuits per practice period). 
Group II. Practice the f~P.st week with two circuits 
per practice period, the next week with 
three circuits per practice period, etc. 
(up to the last week with eight circuits 
per practice period). 
Group III. Practice the f'ull experimental period 
Group IV. 
with a constant f'ive circuits per 
practice period. 
Practice on an adaptation of' the tta.dditive" y - 2/ 
concept used by Miller and Massey e 
This concept applied to the length of the 
practice period would result in systematic 
reductions in the length of' practices. 
All groups in this experiment (as well as succeeding 
experiments) Jmhgntl be given a retention test a 
few weeks after the final practice period. 
2. Combining variations in the spacing of practice 
periods with variations in the length of practices. 
1/A. G. Miller, op. cit. 
£/M.D. Massey, op. cit. 
! , . 
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The stabilimeter or pursuit rot0r m~glitl be used 
for this experiment. The f0llowing is a suggested 
schedule. 
Group I. 
Group II. 
Practice four days per week fer the 
first two weeks, three days per week 
for the next two weeks, and two days 
per we.ek for the last two weeks. This 
group would also use the decreasing 
practice periods suggested for Group I 
in experiment I. 
Practice two days per week for the 
first two weeks, three days per week 
for the next two weeks, and four days 
per week for the last two weeks. This 
-group wuld use the increasing practice 
periods suggested for Group II in 
experiment I. 
Group III. Praetice·three days per week for the 
Group IV. 
six weeks. The practice schedule 
(spacing and length of practice periG>d.s) 
mmg~ remain constant. 
Practice on a plan which combined 
additive spacing with additive length 
·of the practice period. 
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3. Use o-r a regular physical education skill which 
is entirely new· to all subjects in the expen'iment. 
Activities such as archery, bowling, billiards, or 
certain tt.roreign" games could be used. Schedule 
of practices could be arranged as they were in the 
present study, or on an increasing and decreasing 
plan as suggested in experiment I above. 
4. Combine the learning o.f a laboratory type motor 
skill with the learning o.f a regular physical 
education skill. Such an experiment would determine 
whether laboratory skills are learned in the same 
manner as more 1common motor skills. Practice 
schedules could be arranged as they were in this 
study or as suggested in experiments l and 2. 
5. Use academic material such as memorization of 
poetry, nons ens(~ syllables, .foreign language 
vocabulary, or :~pelling new words. The length o.f 
practice period:~ would vary for each group as they 
did in this study. Another suggestion would be that 
the groups have progressively increasing or decreas-
ing practice pe1:>iods o 
6. Combine the learning of a laboratory type motor skill 
with the learnii~ of academic material. This would 
aid in determinlng whether motor skills are learned 
in the same manner as verbal material. Either o.f 
the practice schedules suggested above could be used. 
87 
7. Experiment with subjects who have a degree o:t' skill 
in a regular sports skill. High school intranro.ral 
teams could be equated on the basis of performance 
on a skills test. The teams would then practice on 
the various schedules mentioned above. Evaluation 
of the groups would be made by objective performance 
(:free throw or field goal percentages, batting 
averages, games won, etc.) made during intramural 
contests. 
8. Use such manual skills as typing, piano, carving, 
or drawing. Either of the pra.e:tice schedules 
suggested above could be used :for such an experiment. 
9· Either of the above experiments with subjects of 
different ages. There is a great need :for further 
research with children o:t' elementary or high school 
age. 
10. Lower animals should be use<!! in research in which 
variations in the length of practice periods are 
made. Very few animal experiments have been primarily 
concerned with the length of the practice period. 
Maze learning, with the number of runs as the unit 
of practice., wou19.- b~ . s~:t table. 
11. Experiment with ei.ther of the skills or practice 
schedules me~t~_?J?-ed above!~ ?ut_y~ace major emphasis 
on the best performance score rather than the mean 
score. 
1. 
2. 
3. 
4. 
5. 
6. 
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Individual Summary Record Card 
(name) 
ocn 7 8 u 9' 
Equating Score I. Q.. 
I 
'T 
.I ~-
,·: 
1®; ll 12 
... 
13 14- 15 
Mean 1st Day 
Ef,luat. Day Oir. 1 &. ~ I 
I ~ 
I I :\J · .· 
16_ 17 ltl 19 20 21'1 23 
' ,. 
"' .. Mean .. , Mean 
Sth Da 
Mean 
lOth D ay l Retention Oth - E uat. 
2 27 2e a 0 
- I 
31 32 33 
l 
""31+ ' 3 
Mean Scores 
1st. Practice 2nd Practice 
-~ 
37 3e 39 
rd. Practice hth , ractice 
2 
·. 
6th Practice th Practice :8th Prac,tice th Practice lOth P act ce 
;. 
ii 
i 
5~ 53 54 55 5 
RetEntion 
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Individual Daily Ree0rd Card 
(Name) (Date) 
! 
~-' • rniden. Trial 
u _ I I ! 
l Circuits . s_ eeo_ nds E.rrors Total 
1 
G Score 
11 L ..J J -· .::I 1 I I . II l I L+------L--1 ----~. 
I 
2 
1 II I I I II I I I l II I I 
I ll~" ., ·r ' !J 1 I[ I 3 I - I ·I I I I ...--:I 
4 I I ll I 
I . I 
II I I II l I 
5 I I ]I II I ! !I I I 
6 I I n Jl I I II I I 
7 I I I I I f I J I II <I L . [ 
'""" !8 
t j J' ,_ ·r-iH J II I I I II I I 
I 
l,fean 
I l 
1. 
2. 
Statistical Formulae Used in the Study 
Almanrs11 Model I ror obtaining the sum or squares 
in analysis or varianee (one way classirication) 
(Total 
Varianc~ 
Where 3:2 = 
Sg • 
= 
Getween 
Groups) 
(within 
Groups) 
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Mean squares are determined by dividing the sum of squares 
'j 
by the degrees of freedom. The F ratio is then obtained 
I by dividing the within mean square into the between mean 
s<[uare. 
Alman'~ Model IV for obtaining the sum of squares in 
analysis of variance (multiple classification) 
I S -S. :- -21 1 
(td,tal (Groups) (trials) (-interaction) 
(subjects) {residual) 
l7J. E. Alman, Op. Cit., P• 5. 
_g/Ibid., P. 10. 
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l T t'txJ Where ST = l ~n 
sgT ~~ ~x'l l_ ng 
Ss 
-1 ~ CT )2 
_,.- ,2 X 
s2 , Sg, and s1 are the same as noted in 
Model I 
F ratios for variations in subjects, trials, or interaction 
are obtained by dividing the residual mean square into the 
variable in question. F ratios for group variation are 
obtained by dividing the subjects mean·square into the 
groups mean square. 
3. The Pearson product-moment coefficient of 
i\ c~:rrela. tion is obtained by the following formula. 
rxy 
Where rxy = coefficient of correlation 
:: sum of the products of the LXY 
·paired scores expressed in deviation 
'\ 
\I 
'I 
' 
N 
X 
y 
= 
= 
:::: 
form 
number of cases 
standard deviation in one distribution 
standard deviation in another dis-
tribution 
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APPENDIX B 
I 
I 
I 100 
.J Raw Scores and Means for the 47 Subjects in Table 26. 
. \ G:roup I (2 Circuit Group) on the Equ.ating Day 
Code/ Circuit 
Numb err 1 2 3 J+ 5 Mean 
~I~ I ~2) ~~) 0:0 L2J (6) ~7 J' 
101 I 1.2 1.4 2.0 ~·7 ~.6 2.~ 1@2 I 1.4. 4.0 ~·1 .6 .3 . 3. ·. 1~ 1.5· 3•4 ·9 4.6 ~·2 3.5 1 . 1.5 1.0 3.1 2.7 .1 2.fr 105 1.6. 3.2 2.4 3.1 1.7 2.tj.. 
106 1.5 2.1+ 3.5 4~0 ~-8 3.0 107 2.~· 4-7 2 •. 2 4·1 .2 3.5 108 2 •. 3.1 4-.1 3.9 4-9 ~-8 109 1.9 2.~+ 7.1 3.1 7·7 ·4 110 1.3 2.4 3 ~ 2.1 3.7 2.5 
·-
111 4•2 ~-3 ~·9 6.4 6.8 5.3 112 .6 .8 .·a 5.1 7.9 ~.8 
1ll 2.5- 2.7 ~-8 ~-1 6.~ .1 1 .. 1.3 1.2 .o .3 ~-4 2.9 115. >.9 1.6 3.5 3.3 .4 2.8 
11.6· 1.7. 3.0 4-.6 2.~ 5.6 3.5 117 1.2 2.9 ~.8 3 •. 5.0 3.7 118 2.8 3.4 .3 3.5 5.7 ~·9 119 1.6· 3.6 3.5 6.£ ~=~ .o 120 1. 7" 2. 2.6 5.4- 3.4 
121 3.2· 2.2 3.~ 5.0 6.3 4.€> 
122 2.4. 3.1 2.2 5.4- 6.0 3.8 
12, 2.0. 3.9 6.8 8.3 10.2 6.2 
12 .6 2.0 1.0 2.2 2.5 1.6 
125 1.1·. 2.4 6.0 4.2 6.6 4-.1 
126 2.6. 4.2 3.6 6.5 6•5 4.9 127 2.~ 5.6 8.5 5.9 .5 5.8 128 2. 2.3 2.1 8.5 2.3 3.6 
129 2.2 2.8 3.0 3.3 4.0 3.1 
130 3.4 2.8 2.9 2.5 1j..2 3.2 
131 1.1 3.2 2.6 ~-3 5.0 ~:~ 132 2.9 6.8 4-i .8 ~:Z 13~ 1.9 4.6 2 •. 5.8 q..o 13 . 2.~ 3.5 5.6 6:1 .7 5.6 135 2. 5.6 6.3 6.8 5.5 
136 3.8 6.3 6.3 9.0 5.z 6.2 
137 3.6 3.6 5.7 5.5 7 ·4- 5.1 
138" 2.8 3.7 3.2 2.5 5.0 ~:~ i~6·: 1.9 3.~ ~-8 tt-~6 6.6 2.8 1. • 8 4.3 4 • 3.7 I 
I 
I 
I 
I 
Table 2~ (Conel1ided) 
I 
I 
Code I 
Number! 1 (1} (2' 
141 3.8 
J42 2.1 
r6 2.a I 3.4 5.2 
J46 I 1.8 147 I 1.1 
I 106.2 Total/ 
Mean 1 2.3 
I 
Cireuit· 
2 3 
~21 Ud 
H-.2 6.8 
4.8 4·9 5.0 J.O 
5.0 3~8 
8.6 10.0 
~:~ 6.1+ 2_.2 
169.7 202.7 
3.6 4.3 
Boston University 
Bobool o:r Ed.uoa. tion 
Library 
101 
4 5 Mean 
. { 2' {o' (11 
5.0 4.7 ~·9 5.4 7.4 4.5 
6.3 5.2 !4-.4 
3.1 3.7 4.8 
9.7 10.5 8.8 
l·' 5.6 5.0 .6 8.0 s_.o 
233.2 255.8 194.5 
5.0 5.4 4.1 
Table zrz Raw Scores and Means for the 47 Subjects in 
Group I (2 Circuit Group) on the First 
Practice Day 
Code Circuit· Code Circuit 
Number 1 2 Mean Number 1 2 Mean (1) ~2 J (3) (4) ~1) (2) (3} (4) 
101 4·t 4-.7 4-.~ 126 7.3 8.5 1·<1 102 7. 7.2 7 •. , 127 7.0 11.0 9.0. 
10~ 7.0 ?.6 7.3 128 9.1 8.6 8.8 10 8.5 8.5 8.5 129 7.0 9.0 8.0 
105 4-9 5.0 5.0 130 6.1 7.8 6.9 
lc6 5.5 7.8 6.7 131 ,.9 b:~ 6.6 107 6.7 8.1 7.4 132 0 5.9 
108 7.2 6•5 7.3 13~ 9:6 6.7 8.1 109 5.2 .5 5.8 13, 9.1 10.0 9.5 
110 8.7 9.2 8.9 135 10.0 9.1 9.5 
111 7.8 9.8 8.8 136 7-~ 11.0 9.5 112 6•5 15.6 12.6 . 137 8. 10.4 9.6 
1M .o 5.0 5.5 138 ~·3 3.·6 ~:g 1· 4.2 6.:9 5.6 i~6 .o 6. 115 4.3 6.3 5.3 5.8 8.5 7.1 
116 8.3 8.4 8 ~ 141 8.6 10.0 ~·3 117 9.2 4.4 6: 142 8.0 7.5 .? 
118 5.8 7.2 6.5 ~ ?.5 10.0 8.7 119 6.6 ?.i. z·o 1· 5.2 6.8 6.o 120 6.7 5. ,- .o 14-5 9.5 J2.3 10.9 
121 4-.6 5-~ 5.0 146 8.7 8.1 8.4 122 7.7 <9. I 8.6 147 :z.8 1·9. '1·9. 
i~ 9·9 12.3 11.1 3.8 5.3 4.6 Total 329.2 376.8 353.2 
125 7.2 8 ~ 8.0 ·~ Mean 7.0 8.0 7.5 
Tab1~ 28. Raw Scores and Means for the 47 Subjects in 
Group I (2 Cireu.it Group) on the Second 
Practice Day I 
Code 
Number 
(1) 'i 
101 
102: 
10~.: 10 ' 
1' 
106 
107 
108, 
109 
110 
111! 
112 
~11! 
115 
116 ', 
117 
118: 
119 
120 
121 
122 
~~; 
125 
Circuit 
1. 2 
(2) . . {3) 
8.2 9.3 
8.8 11.9 
7.9 8.2 
10.0 . 10.0 
9.3 8.6 
8.8 11 .. 0 
10.2 11.6 
7.9 7.8 
7.2 10.6 
10.2 10.6 
14.7 
11.5 
7.8 
7.9 
7.5 
9.8 
12.5 
8.3 
8.7 
7·4 
8.6 
10.0 
11.1 
6.0 
9.1 
10.0 
8.6 
8~8 
12.3 
8.2 
10.1 
11.9 
10.0 7.6 
10.8 
Mwan 
. <4> 
9·9 
10.5 
8.6 
10.5 
7.8 
9.4 
11.0 
11.0 
6.8 
9-9 
Code 
Number (1) 
126 
127 
128 
129 
130 
131 
132 
13) 
134 
135 
136 
137 
138 
1.39_· 
140 
., I. 1 ltt2· 
ill 
145 
14b 
14-7 
Circuit 
1 2 (2) (3) 
6.4 12.3 
10.9 12.7 
7.8 8.3 
11.8 10.1 
7.7 11.2. 
7 .o 8t4 8.6 . 8.2 
8.0 6.2 9·4 10.8 
9.1 9-3 
11.0 
9-9 
4.1 
·10.2 
7.5 
10.4 
7.1 
11.8 
6.2 
10.3 
10.2 
11.2 
5.2 
13.2 
8.3 
9·3 9.2 
13.5 
7.6 
10.6 
8.5 
12.5 
Total 424.0 
Mean 9.0 
Mean (4) 
. 1i:~ 
8.0 
10.9 
9.5 
7.7 8.4 
f,.l 
10.1 
9.2 
10.6 
10.6 4.6 
11.7 
7-9 
9·9 
8.2 
12.6 
6.9 
10.5 
9.0 
·11.2 
445.8 
9.5 
10~ 
--- - - -- ~- - -- - - - -- -- - -
l04c 
Table 29. Raw Scores and Means fer the 41' Subjects in 
Group I (2 Circuit Group) on tl~ Third 
Practice :Day 
Code.· Circuit Code Oircgit 
Number 1 2 Mean Number 1 2 Mean 
~1 J ~2 ~ ~~ ~ {4J (1) ~2 J (~ ~ Ui:J 
101 10.5 lO.g 10.5 126 6.6 9·5 8.1 
102 10.2 10. 10.3 127 14.5 11.8 13.1 
i~ 11.0 13.3 12.2 128 7.8 --~--m ' 8.5 :, .• "e""1 13.5 12.0 12.8 129 13.0 il.6 12.3 
105 10.8 11.1 10.9 130 8.8 14-7 11.7 
lo6 13.2 9-~ 11.2 131 11.4 13 .o 12.2 107 10.2 10. 10.4 132 9-4 ~-9 3 9-3 ' . . 108 8.6 10.2 9· 13, 7.0 8.8 7-6 109 9.0 11.5 10.2 13 13. b 13.5 13. 110 10.8 12.2 11.5 135 9- 11.8 10.7 
111 11.8 13.~ 12.8 136 13.5 12.3 12.9 112 15.4 15. 15.4 137 9.5 12.2 10.9 
11~ 8.5 10.2 9-~ 138 9.3 7-5 8.4 11 10.6 8.2 9· 1~9 11.2 9.8 10.5 115 9.6 9.2 9.4. 1 0 8.7 10.4 9.6 
116 1:2.3 13.3 12.8 14l 10.2 11.6 10.9 
117 11.9 11.2 11.6 142 9.0 10.6 9.8 
118 9-9 8.2 9·0 ~ 13.9 11.6 12.8 119 11.8 13.7 12.7 1· 9·9 10.1 10.0 
120 8.7 9.1 8.9 145 11.8 14.7 13.2 
121 8.5 7-0 7.8 146 10.4 15.2 12.8 
122 13.7 11.6 12.7 147 1,2 .2 12-k 14.,2 
ii~ 15.2 20.0 17.6 10.9 10.5 10.7 Total ;;11. 0 540.8 525.8 
125 12.2 13.5 12.9 
Mean 10.9 11.5 11.2 
- ~ -~-- - - - -~- - ~ = -~ - - - ~- - - - - - - - --~- - - - ~ - -~ - - -
Table 30. Raw Scores and Means for the 47 Subjects in 
Group I (2 Circuit Group) on the Fourth 
Practice Day 
Code i'Hrcuit Code Circuit 
Number 1L 2 Mean NUlllber 1 2 Mean 
~1 J {2 J c~' (ri;J Cll ! 2' t2J {4~ 
.. 
101 9.5 11.4 10.4 126 6.8 11.6 9.2 
102 11.1 1~.3 12.1 127 lh-~ 14.5 J.4.7 
104 10.3 1 ·7 12.5 128 10. 9.2 9·9 10 13.0 12.5 12.7 129 1~~ .2 114--5. 13.3 
105 10.8 7.6 9.2 130 1J.2 13.3 13.2 
106 12.2 12.3 12.3 131 1(~. 0 13.9 13 .o 
107 12.0 14.9 13.5 132 10.3 9-9 10.1 
108 13.0 13.0 13 .o 13~ 9.1 11.2 10.2 109 15.6 12.2 13 ·9 13 1'~ 0 . 18.5 15.8\ - . 
110 13.0 11.1 .12.0 135 10.4 12.8 11.6 
111 13.5 17.0 15.2 136 1?.0 14.5 15.7 
112 16.7 17.6 17.3 137 1] .3 13 •l 13.5 11~ 9.}+ 10. 10.0 138 10.0 9· 9.8 11 8.8 9.3 9.0 1~9 9.8 13.5 11.7 115 11.6 10 .• 0 10.8 1,0 r:~ .3 11.6 12.0 
116 J.4.7 14.7 .14-7 141 r:~. 7 11.5 13.1 
117 12.9: 12.3 12.2 142 11.9 13.7 12.8 
118 11.8 12.3 12.0 -~ L~.3 15.6 15.0 119 10.~ 12.7 11.~ 11.1 11.6 11.1+ 120 10. 12.0 11 •. 145 l3.7 14.7 14.2 
121 7.2 9·3 8.2 146 1~-7 14.3 J4.5 
122 i£_·7 15.2 14.4 147 11.2 11.2 l1.2 
iiR ,.5 12.5 13.5 11.8 13.9 13.8 Total 568.1 599.3 585.4 
J-,25 J.4.1 11.8 13.9 
Mean 12.1 12.8 12.4 
- ~-~- - - - - -~--~ ~- - ~ - -- - - - - - - --- ~-
106 
Table 31. Raw Scores and Means :for the 47 Subjects in 
Group I (2 Circuit Group) on thet Fifth 
Practice Day 
Oode Circuit Code Circuit 
Number 1 2 .Mean Number 1 2 Mean 
(1 J (2 J {~} (~J (1 ~ 1:2~ C~J ~~J 
101 J2 .3 11.0 11.7 126 1J .• 1 12.3 11.7 
102 12.3 12.2 12.3 127. 1tt.l 17.0 16.5 
i~i 12.5 13.0 12.7 128 1t~. 0. 13.5 12.8 11.5 10.8 11.1 129 1].2. 11.5 12 •. 3 
105: 13.3 10.5 11.9 130 r;;~.o 13.7 J2 ·9 
106 10.9 13.0 11.6 131 1i~.5 14.5 13.5 
107 1H-.5 12.7 13. 132 11.1 1t·9 13 .e 108 14-.5 12.2 13 ·(. 13, 11.0 . • 7. 8.9 109: :.. .:.'13. 7 13.2 13 •14- 13 1?.5 ~=~ i4·4 110 9.0 8.9 9.0 135 J1~.1 ·.5 
111 15.4 14-l 15.0 136 1?.2 J.4.3 15.8 112 16.7 19. 18.1 137 13 0 17.0 15.0 . . 
11~ 9.0 10.8 9·4 138 '?,·3 10.8 10.0 11 10.8 11.0 10.8 1l9 1:+.5 13.5 llt.o 115 10.5 12.7 11.6 1 0 1:+.1 13.3 l3 -7 
116 12.7 14-7 1,.7 141 :]J .o 17.0 15.0 
117 14.5 15.2 1 .8 142 12.2 12.2 12.2 
118 13.3 13.9 13.6 ~ 10.6 rq_. 7' 12o7 119 12.8 10.2 11.5 15'.6 13.0 :14.3 120 12.0 11.8 11.9 10.8. 15.6 13.2 
121 10.2 9.3 9·l lH-6 13.7 15.6. 14.7 122 11.6 15.6 13. 147 11.,2 11.0 1/i.2 
12~ 14.9 16.7 15.8 12 17.5 13.3 1~.4 Total 608.3 625.7 616.3 125 15.6 12.8 1 .2 
Mean 12.9 13.3 13.1 
107 
Table 32. Raw Seores and Means for the 47 Subjects in 
Group I (2 Circuit Group) on the Sixth 
Practice Day .. 
Code Circuit Code Circuit 
Number 1 2 Mean Number 1 2 Mean 
t1J {2 J (~ J {~J (1 J {2} {J' {4} 
101 12 .. 2 12 .. 3 12.3 126 11 .. 9 8.3 10.1 
102 15.6 1~.9 14.8 127 17.5 17.5 1?.5 
1&! 11.8 .1 .5 13.1 128 ; 8.7 11.0 9.8 1 ' 12.5 12.8 12.7 129 1~.9 14.5 14.2 105: 8.8 9-7 9.2 130 1· .. 1 14.9 14.5 
lcb 13.7 '15.2 llt-.4 131 llt.7 15.9 15.3 
107 13.2 11.0 12.1 132 12.5 10.8 11.6 
108 13.5 . J.4.5 14.0 13~ 8.8 9-9 1~:~ 109 15.7 12.8 14.3 13 17.2 15.9 
110 13.5 12.5 13.0 135 13.0 15.9 14-·~-
111; 18.9 17.2 18.1 136 153:.2 18.2 15.l 112 ,[ 17.2' 21.3 19.3 137. 13.5 13.7 13. 
11~ 10.0 13.5 11.8 138 10:E. 11.1 10.8 11 10.0 12.8 11.4 1~9' 15 . 18._9 17.1 115' 10.3 9.6 10.0 1 0 15.4 12.8 14.1 
' 
116 15.9 14.9 15.4 141 14.3 16.1 15.2 
117" 15.2 12.5 l8 1!i2 12.2 14.5 13.3 118 '15.2 14.1 1 .6 ili 11.8 10.9 11.3 119' 13.? 19.6 1 ·7 13.7 13.9 13.8 120! 13.9 14.3 14.1 145 17.0 16.1 16.5 
121 8.1 2•6 8.8 146 1t.2 16.7 J.4o . / 122' 17.0 1 .7 16.8 147 1 ·.2 11.6 1~.0 
~~ 19.2 14.9 1?.1 643-9 17.0 14.9 15.9 Total 661.4 652.7 
125 15.4 17.2 16.3 
J.4.1 Mean 13.7 13.9 
I 
--~ - -- - - - - - - ~ -- - ~ -- - - - --- --- -
- -- ~ --- -- - -- - ~- -- - -
• ~~ ..,,~' ~~'·',.·~-~ ·r·~.""' 
~>--: .;_ . 
:be@ 
Table 33. Raw Scores and Means for the 47 Subjects in Gr0up I (2 Circuit Gr0up) 0n the Seventh Practice Day 
Code Circuit Code Circuit 
Number 1 2 Mean N1ll:nb er 1 2 Mean 
~1} {2 J t:2 J UD {1~ (2 J {2 J (~J 
., 
101 17.~ 11.2 14.e 126 ].2 • .5 13.5 13.0 
102 14.9 14.1 lli 5 127 17.9 18.2 18.® ... 
10, 14-.7 14.7 11;i..7 128 Jlj..5 11.0 12.7 10 13.3 Jli.9 14.1 129 J.3 .2 16.7 llq..9 
105 8.8 13.5 11.2 130 J • .5. 9 15.~ 15.9 
•• 14.9 16.1 14.5 13 .• 5 14.•® 1®6! 17.2 131 
107 12.5 13.0 12.7 132 :L2. 8 12.5 12.7 
108! 13.3 J..4.5 13.~ 13t 8.3 l·9 8.1 1®~~ ·. ' 1{.7 17.9 15. 13 :L3.5 1 -4 1[.0 ' ·- . ll®l 1' .5 12.7 13.6 135 13.5 15.9 1• ·7 
111 16.7 17.9 17.3 136 13 .• 0 13 .• <1) 13 .tt 
112 19.2 19.2 19.2 137 :L6.1 18.2 17.2 
113 11.9 12 .• 2 12.2 138 9.3 12.7 11.0 
llt- 12.2 15.6 13.6 ~9 15.6 13.5 14·6 11 . 10.1 11.1 1<D •. 0 17.0 13 .• 2 15ol 
116 l6 17.2 16.~. 1~1 17 .• 5 17 .• 2 17.1!-117 1 .5 14·7 14. 142 '13. 7 it·9 14.8 118 1 .? ~· 9 15.8 itrR 13.2 .? u.~ 119 14.7 1 :4 ~·5 12.8 12...0 12. 120: 12.0 17 .o .5 145 17.2 20 .• 0 18. 
121 8.8 9.6 9.2 1R£ 1.5.4 12.7 14.o 
122 17.9 19.6 18.7 147 ,12:t2 lh.m 12!0 
12i 13.7 18.2 15.9 12· 12.5 l3.5 13 .o Total 664~9 690 .• 9 678.0 12~ .. 14.3 13.0 13.6 
Mean 1L~.2 14-.7 14.4 
1·09 
; 
I 34. Raw Scores and Means 47 Subjects Table ror.the i:rn. 
Gr~mp I ·(2 Circuit Group) on the Eighth 
Practiee.Day 
Code Circuit Code Circuit; 
Number 1 2 Mean Number 1 2 Mean {1l {2 J c~' {~) {1 J ~2' {J J Ui:J 
. 
10] 11.6 18.5 15.1 126 15.2 14.~ 15.0 102'1 1~~5 17.5 16;.0 127 1~.2 19. 17·4 103i 1 .• 1 14.5 15.3 128 1 .~ 12.8 13.7 10~ 14.5 15.9 15.2 129 11.~- J4.9 13<.1 
105, 9·3 10.2 9-7 130 19.2 14.9 17.1 
' 
·I 15.~- 14.9 17.5 16.3 106 14.5. 131 1~.2 107 17.5 16.7 17.1 132 1 ·~ 14 .• 5 14.5 108:~ .: • ::16.1 12.2 14.2 13~ 11. - 9.6 10.5 109 15.<J 15;.~, 15.6 13 18.6 15.6 17.2 110 13 .. 5 13.3 13.4 1.35 15. 20.4 18.0 
111 14.9 17.2 16.1 136 14 .. 7 11.2 M·o 112 21.7 20.q. 21.1 137 14·7 13.3 .o 
11~·· 12 •. 2 11.1 11.7 138 13.0 11.5 12•2 11 12.5 11.9 12.2 139 15.4 12.3 13.9 
115 11.2 12.2 11.7 140 13.3 18.9 16.1 
: 
118 14.9 1~.6 17.3 141 it·2 16.q. 15.8 117 14.3 1 .5 14.4- 1/+2 .5 18.2 16•3 
118. 15.2 1li.3 . 14.7 1~ 14.5 13.2 13.8 119: 13.5 16.1 14.8  .. 13.3 12.2 12.8 
1201 12.7 12.0 12.q. 1~-5 17.5 16.q. 17.0 
121 11.2 10.0 10.6 146 13.2 ~-3 13.2 122 16.1 17.9 17 •. o 147 12.8 
·1. 1,2 .8 
12~: 16.1 19.2 17.7 12 . 16.1 15.2 15.6 Total 683.9 703.1 693.5 
125 14.7 15.4 15.0 
14.6 14.8 Mean 15.0 
110 
Table 35. Raw Scores and Means .for the 47 Subjects in 
Group I (2 Circuit Group-:} on the Ninth 
Practice Day 
Code Circuit Code Circuit 
Number 1 2 Mean Number 1 2 Mean 
~1) {2 j C-.2 J {y; J {1) (2) c~ J {!;b) 
101t 11.8 13 ·e. 12.6 126 12.2 J.4.5 13.3 1021 1~.7 15 •. 14..5 127 1~.1 13.5 ~-8 10~! 1 • .5 16.7 1,.6 128 1 .4 11_.5 ·9 
10 I 11}.4 14·9 1 0 129 12.0 13.2 .. / 1,.3 1051 10 •. 10~2 10.3 130 17.9 17.9 17.9 I 
1061 17.0 17.9 17.!j. 131 14.5 13.5 14.0 
107 17.0 21.7 19.3 132 J.4.9 16.1 15.5 
108 12.8 12.5 12.7 13~ 2 3 11.8 10.5 109i 18.2 17.o 17.6 13 . 1 :1 1~.2 15.6 110 14.7 15.2 14.9 135 15.6 1 .3 15.0 
' 14.3 111' 14 .. 9 17.2 16.1 136 13.5 13.9 
112 22.2 21.3. 21.8 137 17.5 17.© 17.2 
ii~,· 12.8 16.7 14.7 138 13.9 13.9 13.~ 12.0 1,.5 12.8 1~9 12.0 19.2 15. 115: 11.5 1 .5 13.0 1 0 12.5 14.3 13.4 
116: 18.2 14.7 16.4 141 19.2 14.5 16.9 
117! 1~.5 19.2 16.9 1!{.2 14.5 13.2 1~.8 118! 1 .2 13.3 1~.7 143 13.3 16.1 1 .7 
119 14.1 18.2 1 .1 144 13.7 12.3 13.0 
120 13.9 14..7 14.3 145 18.2 20.0 19.1 
121i 9.3 11.9 10.6 146 14.5 13.2 13.8 122: 1~.5 17.5 16.0 147 12·2 1:Z.2 16.6 123: 1 .1 18~g 17•3 124· 15.2 20 •. 17.8 Total 685.7 732.7 708.9 
125: 12.8 17.2 15.0 
14.6 15.6 Mean 15.1 
lll 
I 
Table 36. Raw Scores and Means for the 47 Subjects in 
Group I (2 .Circuit Group) on th(~ Tenth 
Practice Day. 
Code Circuit Code circuit 
Number 1 2 Mean NUlllber 1 2 Mean 
{lJ {2) C3J {~J {1} {2 J {,2 J {!±J 
101 14-7 13.7 14.2 126 I 16.1 15.5 1J+ .• 9 102 14.5 12.2 13.3 127 1g.2 15.2 16.7 
10~ 12.2 15.4 1~.8 128' 13.9 15.2 1~.5 10 15.6 13.5 . 1· .6 129 1.3.9 18.5 1 .2 
10.5 9.1 11.9 10.5 130 1.~.1 17.9 16.o 
106 17.9 14.7 16.3 131 11.9 16.1 14.o 
107 20.0 17.5 18.8 132 13.0 14 • .5 13.7 
108 16.7 12 • .5 1~.6 13~ 6 2 8.3 8.7 109 16.4 15.6 1 .o 13 1 :4 18.5 17.5 
110 12.7 11.5 12.1 135 13.2 13.9 13.5 
111 17-~ 14.5 16.0 136 13.2 16.4 14--8 112 24 •. 22.2 2~.3 137 19.2 22.2 20.7 
11R 14.1 1.5.2 1 .6 138 1~.2 17.5 16.3 11 11.8 1~.5 12.6 1~9 1 .5 13.9 li.2 11.5 13.3 1 • .5 13.9 1·0 1.5.6 18.2 1 ·9 
116 18.9 20.8 16·9 141 20.0 18.5 19.3 117 13.6 18.2 1 .o 142 17.0 12.5 1~.7 118 19 •. 13.3 16.5 itta 1.5.9 17.0 1 ·4 119 14.7 12.2 13.~ 13.0 14.5 13.7 120 17.2 17.5 17 •. 14.5 20.8 18.5 19.7 
121 13 • .5 10.4 12.0 146 15.2 13.2 J.4.2 
122 18.5 20.8 19.7 147 ].].1 16!~ 1ti:.8 
12~ 17.9 20.8 19.~ 12 18.2 18.5 18. Total 7],2 • .5 741.8 737.3 
12.5 i8.2 17.9 18.0 
Mean 15.6 15.8 1.5.7 
- - --- - -- - --- - - - - - - - ---- - - - - - - - -~ --~ - - ~ -~ -- --- -
;Ii~:tf.'o'""~¥.324$@ !44$£Z>j{;:._ ~--E*11'i* $<:1tl.;~ ~~,_ :·, - .,.;.:~ --· 
! 
Tablp 37. Raw Scores and.Means for the 47 Subjects im 
Gr0up I (2 careimit Gremp} en the Retenti0n Cheek 
Code Circuit 
.. ~ 
Number 1 2 
c&, (~) 5 Mean ( 1) (2) (3) (6) (7) 
lOT 15.6 12.5 15.6 1~.~ 13.3 ~-3 102 15.2 17.5 17 •. 5 IS'!'- rr .5 1 .6 1@~ 16 .• 1 15.~ 17.5 I~. f.} 1-{~.5 1®.9 10 13~2 13.9 15.6 15.4 15.6 14-·7 1@ :· 11.6 11.5 10.2 11.8 11 h. 11.3 \ •, 
\ 
roB 15.9 15.2 16.1 16.7 17.5 l~.J I 107:' 15.2 17.5 17.2 1®.7 20.8 17.5 ro8: 13.2 12.7 13.9 ll:j_. 7 13.7 13.6 f, 109 18.2 i~:Z 13.3 18.2 13.5 16>.@ '· 12.2 16.3 13.5 14.1 14.~-110 
lli 20.@ 17.<9 20.® 17.9 17.0 18.5 
IIi 2e>.8 20.4 22.2. 21.7 20.8 21.2 
113, 13.7 17.G 14.9 Ilq..9 IS.5 ip 114. 13.2 15.6 13 .o 15.2 14.5 ll~ 13.9 17.2 17.2 16.1 15.0 l '.o 
116 16.4 25.6 23.~ 20.8 20.4. 21.3 117 16.1 17.9 15. 14~1 17.9 16.£_ 118 20.0 16.4 21.3 1)i.3 14.9 17. -~ 
119 16.1 13.5 18.2 15.4 14.9 15.6 120 12.0 19.6 15.9 16.7 20.&- 16.9 
121 13.3 12.5 13.3 14.3 13.5 13.4 122 19.6 18.2 20.0, 19.2 17.0 18.8 
12, 18.5 18.5 17.2 21.3 20.8 19.3 12 1~.6 16o7 1l.2 14.9 20.0 16·7 125 l .1 16.1 1 .4 18.2 16.7 1· ·7 
126 17.9 19.6 14.7 25.0 18.9 19.2 
127 21.3 14.3 21.3 16o7 21.7 16.0 128 17.5 17.0 18.9 16.4 14.9 1- ·9 129 17.9 13.0 18.9 17.9 18.2 17.2 
136> 14.9 17.0 17.5 18.8 18.5 17.4 
131 fu3 16.7 15o2 17.0 15.6 15.7 132 :9 14.3 21.3 17.2 18.2 17.2 
13{ 11.1 11.1 12.0 14.9 13 ·9 12.6 13 12.2 27.8 20.4 21.7 23.8 21.2 
13$ 16.1 17.5 18.5 16.4 17.5 17.2 
112 
-. 
., 
Tabl~ 37. (Concluded 
Code Circuit 
Number 1 2 
<tt> (~) (g} Mean (1) (2) (3) (7) 
136 lk .. 3 17.0 15.2 ·15.9 17.0 15.8 137 1 .1 14.7 13.0 20.0 18.5 16.5 
136 19.2 19.6 19 .. 6 '14-.7 15.6 17.8 
1~9 20.4 15.9 21.3 17.9 16 .. 2 18., 1 (f) 14.9 15.9 16.1 18.5 1· ·7 lb. ! 
I 16.7 1b.4 .14.5 18.4 141- 16.2 25 .. 0 
14? 13.2 16.t 1 ·4 15 .. 6 17.0 15.7 
14.3 19.2 19. 21.7 :16.2 18.5 16.7 
144 17.9 16.7 16.1 ·1 .1 14.5 1-.3 
145 19.2 20.0 28.6 ;18.5 21.3 21.5 
146 ll.2 17.2 15.6 12.8 17.2 16.0 
147 1 .7 17.2 18.9 .27.0 20.8 20.1 
Total 758.9 786.7 819.4 800.9 821.5 797.5 
Mean 16.2 16.7 
' 
17.4 17.0 17 •. s 17.0 
: 
Table. 38. Raw Scores and Means for the U4 Subjects in 
I Group II (5 Circuit) on the Equating Day I 
·Code Circuit 
.Humber 1 2 
<tt> c!> (g) Mean (1) (2) (3) ( 7) 
201 2.1 1 .. 9 2.8 3.2 ~-4 2.9 202 1.8 4.0 3.5 5.4 .2 4.2 
2n 1.0 4.6 7.0 6.9 8.3 ~-6 2 . 2.8 3.6 5.4 6.5 5.6 .8 205 4.1 5~4 9·9 8.1 8. 7.2 
206 .f(l 1.9 2.1 1.9 1.8 1.7 
207 1 .• 8 ~-4 2.~ 1.8 4.0 2.9 208 2.7 .1 
tt:6 
2.7 5.9 Jq..fJ. 
209 1.3 2.9 3 .J+ 6.4 3.7 
210 2.5 2.2 3.0- 5.2 3.0 3.2 
211 2.3 2.5 2.8 5.7 4.8 3.6 
'212 1.3 3.8 3.5 6.3 4.6 3.9 
~M 2.4 1.4 1.8 ·2.2 4.1 2.4 i 2.7 4.2 4.8 5.2 7.9 5.0 
215 
\ 
1.7 3.3 3.0_ 5.4 4.5 3.6 
216 I 2.0 3.7 4.2 4-3 5.6 3.9 
217 l 1.2 2.6 4-.9 4--9 6.m 3.9 218 
\ 
·9 1.8 2.5 2.4 2.9 2.1 219 2.4 4.5 3.8 ~:r b .• B lq..6 220 1.1 1.3 3.1 5.6 3.1 
221 2.5 3.2 3.8 ~-.1 ~-3 4.o 222 1.2 .3 2.8 .5 
·9 3.1 
22~ 1.0 3.3 6.3 2.8 J.4 3.4 22 1.2 1.2 3.8 3.8 7.8 3.5 
225 2.1 2.8 3·4 2.5 4.8 3.1 
226 3.4 4.4 7 ·£ - 8.4 7.0 6.1 227 1.0 2.4 1.+ 3.7 1.7 2.0 
228 3.4 5.1 5-~ ~~~ 6.5 5.5 229 2.5 1.9 1 •. .5 2.8 2.3 
230 2.1 3.1 7.2 5.6 7.6 5.1 
231 1.8 4.0 l_·6 5.3 4.1 3.7 232 2.4 3.4 •6 6.6 5.6 4.6 234 3.0 3.0 ~:0 6.0 4.0 ~:6 23 3.2 3.1 5.1 7.5 
235 2.4 5.0 2.4 7.2 7·9 5.0 
);0-U 
Table 38. (Concluded) 
Code Circuit 
Number 1 2 (a) (~) (~) Mean (1) (2) (3) (7) 
236 2.1 2.5 4.4 4.b 2.9 3.3 237 1.6 2.0 2.7 3. k·4 2.9 238 2.7 2.4 4.3· 8.6 .2 4.8 
2~9 3.6 4-7 ~-5 ?.3 8.0 5.8 2 0 1.4 2.5 .5 3.9 5.8 3.6 
241 2.3 2.8 ~-0 4-4 4.o 3.5 242 1.7 4.3 
-4- 6•2 ?.0 5.3 ~~ 4-9 9.3 8.1 5:~ 8.9 7.5 2.2 4.4 6,3 7.0 5.1 
Total 94.3 149.6 187.3 219.2 242.2 178.4 
Mean 2.1 3.4 4.3 5.0 5.5 4.1 
Table 39. Raw Scores and Means :for the 4!~ Subjects in 
Group II (5 Circuit Group) on the First 
Practice Day 
Code Circuit 
Number 1 2 
(a} (~) (~) Mean ( 1) (2) (3) (?) 
201 7.0 7.6 10.2 7.6 10 .. 4 8 .. 6 
202 7.2 6.8 8.2 10.6 8.8 8.3 
20~ 9.3 11.2 13.2 12.5 13.~ 12.0 20 9.2 9·7 6.1 8.8 7. 8.2 205 13.3 13.0 13.3 16.4 19 •. 15.1 
206 3.4- 5.m 5.1 5.8 ~.6 4.8 207 5.8 6.9 8.6 11.0 .3 7.7 
208 8.3 8.4 6.9 7.9 6.7 7.6 
207 10.1 10.8 11.5 13.5 13.3 11.8 
210 6.8 7.6 7·9 10.3 8.8 8.3 
211 6.5 11.2 10.2 10.5 10.2 9-7 212 6.6 9·8 10.0 14.5 10.~ 10.3 
~~ 3.9 7.6 8.1 b.o 6. 6.7 6.4 8.3 10.0 .1 12.~ 8.6 215 7.2 6.6 7.2 8.5 7. 7.4 
216 8.1 8.1 8.6 9·9 9.2 8.8 217 6.4 9-7 11.1 1o.K 12.8 10.1 218 5.7 ?.8 7·9 6. 10.~ 7.6 
219 6:~ ?.1 5.2 7 .L~ 9· 7 .L~ ,-220 7.7 9· 10.2 9.3 8.7 
221 6.7 6.2 6.~. 8.8 9.1 7.5 
222 4.8 6.5 7.3 9.8 9·~- 7.6 
22~ 5.? 8.6 11.1 11.1 10.8 9-e 22 8.7 8.2 8.5 10.5 11.0 9· 225 5.2 8.6 7.1 9.1 11.0 8.2 
226 7.8 114.2 .13.0 14.9 12.7 11.9 
227 4·~ 6 .. 1 7.1 7.8 8.5 6.8 228 11 •. 13 .. 7 13.7 13.3 J.4.9 13.5 
229 3.4 7 .,J 5.3 8.3 8.8 6.6 
230 7-9 9 .. 2 8.9 7.6 10.6 8.8 
231 7 .4. 4 .. ~ 8.6 6.1 8.8 7.1 232 8.7 10,. 11.9 11.2 10.5 10.6 
23~ 4.5 5 .. 3 8.1 8.6 10.5 7.4 23 9-5 11 .• 9 10.6 12.3 10.2 10.9 
235 7.8 9·· 0 10.0 12.3 7.1 9.3 
,. '. ' 
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Table 39. (Concluded 
Code Circuit 
Number 1 2 
ctt> (~) (~) Mean (1) (2) (J) ( 7) 
236 6.5 7.1 8.6 8.1 9.6 8.0 
237 5-~ 5.8 6.2 5.3 7.0 6.1 238 6. I 6.8 8. 9.1 8.3 7.8 
249 6.3 5. 7 8.9 8.3 8.3 7 -~ 2 0 6.1 6.1 6.2 6.7 7.2 6 •. -
2~1 5-7 5.4. 7.5 8.6 8.1 7.0 
242 7·0 7·~ 9.1 10.1L 9.1L 8.7 ~~ 10.1 10. 8.1 14.9 14.9 11.7 9·7 11.0 12.7 14.5 14 • .5 ·12.5 
Total 312.3 364.1 a;93. a 433.3 439.1 388.5 
Mean 7.1 8.3 9.0 9.8 10.0. 8.8 
Table 4o. Raw Scores and Means for the 44 Subjects in 
Group II (5 Circuit Group) on the Second 
Practice Day 
Code Circuit 
Number 1 2 (a) (~) 5 Mean (1) (2) (3) 
-
(6) (7) 
201 10.6 11.0 11.9 16.7 14.!r 12.9 
202 10.3 12.0 13.5 11.9 11.5 11.2 2~ 11.6 15~6 17 .. 0 15.2 18.5 15. 2 . 8.0 9.0 ~-7 9.1 9.7 9·1 
205 19.2 18.5 17.2 1[j_.1 20.0 17.8 
206 5-t 8~6 8.8 10.2 10.9 8:a 207 6. 7-9 9~5 9.5 8,7 8,4. 
208 12.2 11.5 13.0 12.5 11.2 12.1 
209 8.8 l2.0 14.5 14.5 13.0 12.6 
210 9.1 8.8 9.2 10.6 10.0 9~6 
211 11.0 13.2 12.·2 11.2 14.7 12.5 
212 14.1 11.9 11.5 12.3 13.2 12.6 
~~ 5.4 7.5 9·9 . 9 .• 3 11.2 8.7 9-3 9.8 8.1 8.8 8.7 8.9 
215 7.8 5.7 8.1 7.5 10.2 7·9 
216 11.6 11.8 14.5 -12.3 1~.3 12.5 217 11.9 14.3 1 .5 15.6 1 .5 14.2 
218 11.~- 13.0 11.2 13.0 12.7 12.2 
219 9-9 8 .. 9 10.3 11.~ 10.3 10.2 220 1'3.0 13.5 11.0 15. '. 15.2 13.6 
221 11.0 8.5 11.8 11.1 12.7 11.0 
222 9·9 8.8 10.0 11.0 6 0 9.8 22~ 11.6 12.5 13.0 15.~- 1 :1 13.8 22 11. 11.1 1~.5 11.9 1,.~. 12.7 
225 12.8 9·7 1 .1 15.4- 1 .3 13.3 
226 12.~ 13.3 14.5 14.3 17.~ 14.5 227 8. '- 8.6 9·9 8.3 8 •. 8.8 228 16.7 15. 14.6 17.5 20.0 16.9 229 7.8 8.8 11. 14-.1 13.9 11.2 
230 7.0 7-3 4-9 7.9 9.0 7.2 
231 6.1 10.6 11.2 9.6 10.2 9.6 
232 12.5 13.·0 12.7 15.2 16.7 lft_.o 
233 9·3 12.0 13.7 12.0 12.0 11.8 
234 13.7 15.o 14.9 14.1 17.0 15.1 
235 11.9 15.6 12.8 . 14.5 8.9 12.8 
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Table 4o. (Concluded) 
Code Circuit 
Number 1 2 {~} {~J ; Mean {1) {2 J ~3 J ~oJ co 
236 8.2 8.2 11.5 10.9 9.8 9.5. 
237 9.7 14.3 11.9 11.8 12.8 12.1 
238 10.6 12.2 13.2 13.2 13.5 12.4 
249 7.0 7.1 7.7 6.6 8.9 7. 2 0 9.5 10.6 11.9 9·4 8.9 10.1 
241 11.9 10.8 13.2 12.3 ll,~ 11.9 242 13.9 14.5 12.7 13.7 15. 14.0 ~fhl 6.2 12.0 11.5 10.8 10. 10.2 16.1 13.1 11.2 15.~ 16.7 15.8 
Total 462.3 499.6 528.8 537.4 561.3 518.1 
Mean 10.5 11.}+ 12 .o 12.2 12.8 11.8 
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Table 41. Raw Scores and Means for the 44 Subjects in 
Group II (5 Circuit Group) on the Third 
Practice Day 
Code. Circuit 
Number 1 2 
<tt) (!) {~) Mean (1} (2) (3) {7) 
201 14.5 13.7 16.4 16.1 17.0 lr 2:@2 14.0 12.8 15.9 14.5 14.7 1 .2 
20, 1 .7 16.4 13.3 18.9 17.9 1 .2 20· 9.1 9·4 9·9 9.2 10.6 6•6 205 15.6 . 15.2 13.9 20.4 15.2 1 .o 
206 7.6 8.4 9·0 10.6 10.3 9.2 
207 10.8 12.2 11.1 10.0 17.0 12.2 
208 11.8 14.1 13.3 16.2 12.5 1~.8 
209 10.9 13.3 15.9 1.· ·~- 17.9 1,.9 
210 10.4. 12.7 13.5 12.3 14.5 12.7 
211 11.5 10.5 13.9 14.1 16.4 1~.3 212 15.2 13.2 13.9 13.9 14.5 1 .1 
21~ 9-4 9.3 11.2' 11.9 12.0 10.8 21 8.0 12.5 ~·9.4 11.4 12.7 10.8 
21 7.7 8.8 10.4 10.0 10.3 9.5 
216 14.7 15.2 15.9 15.4 14.7 15.2 
217 13.7 1h..1 16.1 16.1 15.4 15.1 
218 11.5 14.3 11.9 9.6 13.2 12.1 
219 11.5 11.0 11.2 9.8 11.2 11.0 
220 12.7 1l.6 .10.5 12.3 13.5 12.1 
221 13.2 10.9 14.3 13 ·9 16.7 13.8 
222 11.9 10.8 6 9 9.8 12.8 11.0 22~ 13.9 llt.9 1 :7 14.7 14.9 1~.0 22· 13.3 14.3 14.3 15.2 13.2 1 .o 
225 15.2 14.7 14.1 17.2 16.4 15.5 
226 16.1 21.3 21.7 . 18.2 18.5 19.2 
227 10.4 10.8 10.5 9.3 11.5 10.5 
228 16.7 17 ·9· 17.9 . 19 .. 2 19.6 18.2 
229 11.9 12.7 13.6 14.7 1t·9 13.6 230 6.9 9.8 10. 7·6 .3 8.3 
231 10.1 10.~ 11.0 12.2 15.2 11.8 
232 12.7 11. 15.6 17.2 17.9 15.o 
233 13.0 11.~ 12.5 13.2 13.9 12.8 
234 15.4 16. 18.9 15.2 16.4 16.4 
235 11.8 12.2 12.7 13.2 15.2 13.0 
·~~ ..... 
. ·f ...• 
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Table 41. (Concluded) 
Code Circuit 
Number 1 2 
<tt) <i> 5 Mean (1) (2) (3) (6) (7) 
236 6•7 11.8 12.G> 1~.5 11.4 11.9 237 1 .7 15.2 1,.9 1 .1 17.5 16~3 238 11.~ 13.9 1 .1 13.7 12.7 13~1 
2~9 7· 7·2 8.~ 8.7 8.3 8~0 2 0 11.0 11.6 11. 11.2 13.7 11.8 
' 
.. 
241 15.2 12.8 20.8 12.5 18.2 1,.9 242 12~8 13~5 13~9 1~~9 li;7 1 ;1 ~frl 11~2 13.5 13~3 1 .1 1 ~4- i(~l 14.1 12;2 16~1 16;1 14;7 
. 
Total 536~0 560~3 597~0 603~8 632~1 585;4 
Me am 12.1 12~ 7 ". 13~6 13; 7 14.4 13 ~3 
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Table 42. Raw Scores and Means ~or the 44 Subjects in 
Group II (5 Circuit Group) em the Fourth 
Practice Day 
Code .'Circuit 
Number 1 2 
cttJ (~) (*) Mean (1) (2) (3) ( 7) 
-
201. 16.7 14.5 12.7 17.5 11.9 1~.6 202: 13.3 15.2 17.9 17.2 18.5 1· .l:}-
204' 18 •. 5' 15.6 24.4 20.1+ 20.0 19.8 
20 ' 10.1 10~2 11.4 11.2 11.2 10.8 
205 i 1~.7 17.5 19.2 20.0 23.3 19.3 
206 1~~9 9.6 10.5 2 4 11~8 11~.0 207' 1 .3 14.7 17.2 1 :1 1h.. 7 15.5 208 15.9 18~, !b5. 18~2 16.7 17.0 209 15.2 16. 17.2 20.8 14.9 16.9 
210 9-7 11.0 14~1 11~8 14.7 12.2 
211: 14~3 16.7 12.3 19~2 19.6 16.~ 212 14.5 14.3 16.7 13.7 13.7 14. 
214: 11.5 1-2.3 15.2 13.5 11.5 12.8 21 I 11.8 14.1 10.1 9-5 14.5 12.0 215: 12.2 11.6 r:e.e 15.9 11.5 12.3 
216' 15.9 17.2 18.2 17.2 16.rt 17.0 
217 1f.9 17.2 17.9 20.4 20.4 18.4 218 1, ·9 12.5 13.0 14.7 13.3 13.7 
219 13 .o. 12.3 15.9 13.3 13.5 1~.6 220 13.7 '14.7 12.3 15.6 17.2 . 1 .7 
221 17.2 12.2 16.7 14.5 16.4 15.~ 222 12.0 12.3 13.7 10.1 1~.7 12 •. 
22{! 14.9 13.7 13.5 16.1 1 .1 14.9 22 1~.o 12.8 11o8 11.8 15.2 12.9 225 1 .7 14.3 16.1 17.9 23.3 17.2 
'"' 
226 18.~ 15.6 19.2 19.2 18.2 18.2 227 11.' 13.9 12.2 12.5 ~1 12.8 228 20.0 22.2 22.2 1.8.5 1 :7 19.9 
229 1 13.3 15.6 16.4 15.6 18.5 15.9 
230 ! 8.7 11.9 8.2 11.6 6.8 9-4-
' 
231 13.3 11.9 13.3 11.2 11.5 12.3 
232 15.6 13.2 14.9. 14.5 20.0 15.6 
234 13.0 11.2 12.8 10.3 14.7 12.4 23 13.5 14.1 20.8 17.0 17.2 16.5 
235 13.0 13.3 14.9 17.2 13.9 14.5 
Table 42. (Concluded) 
Code ·Circuit 
Number 1 2 <¢) (~) (g) Mean (1) {2) (3) (7) 
236 1~.5 11.1+ 13.5 16.4 13.3 1~.8 237' 1 .7 14.4 12.8 14·5 15•£ ~ 1· .;8 238 14.5 11.9 12.8 17.0 11. 13.6 
2~9 8.3 8.8 7-9 9·3 9·7 8.8 2 0 8.7 9-0 11.1 13.5 11.1 10.7 
241 20.8 15~6 21.2 18.9 22.2 20.0 
2H-2 16.7 15.6 18.9 20~0 2~.4 19.1 
~~ 12.5 12.5 16.7 15.6 14.4 14.3 20.0 18.2 16.7 17.2 17.0 17.8 
' 
-
Total 626.7 612.2 661.0 6?6.3 686.4 562.4 
Mean 14.2 13.9 15.0 15•4 15.6 14.8 
• 
12& 
Table 43. Raw Scores and Means for the 4l+Subjects 
Group II (5 Circuit Group) on the Fifth in 
Practice Day 
Code Circuit 
Number 1 2 (a) (~) (~) Mean . (1) (2) (3) (7) 
201 17.0 19 .. 6 14.1 1:t 19.2 17.1 202 17.0 19.2 17.0 17.0 17•0 20~ 19.2 2~.3 21.7. 1 .1 17.9 19.6 20 11•6 1 .3 12.8 11.5 14.3 12.9 205 19.6 22.2 21.7 21 .• 7 23.3 21.7 
206 11.5 9'.3 15.6 1,.9 13.3 13.1 207 i5.2 13.5 17.5 1 .5 15.2 15 .• ~ 
208 15.4 15.9 15.9 18 .. 9 15.2 16.6 
209 16.4 17.5 18.2 i~:~ 21.7 18.5 210 12.2 12.7 12.2 13.9 13.3 
.•. 
211 18.2 17.0 17.9 21.3 18.9 18.6 
212 18.5 16.7 1f·4 18 .. 2 15.9 16.9 21~ 13.6 13.6 1 .5 12~2 12.3 13.2 21· 9.3 12.3 10.8 9.6 10.1 10.4 215 12.1 11.2 13.5 11.0 12.7 12.1 
216 18.2 14.5 15.4 15•6 17.9 16.3 
217 20.0 17.0 20•0 19.6 21.7 19.7 
218 14.7 17.2 15.6 15.4 14.3 15.2 
219 12.8 11•9 12.8 13.7 12.7 12.8 
220 12.3 10.3 14.7 12.2 15.9 13.1 
221 18~~ 17.0 14.1 15.4 14.3 i!:;~ 222 1.5 • . · 11.E 1~.s 12 2 1~.5 - .. 22{ 17.5 17.0 18.2 16.7 1 .7 14.2 22 13.5 14.5 15.4 1%·7 15.4 1 .7 225 18.9 17.9 17.5 1 .2 16.1 17.7 
226 15.6 18.5 22.7 17.9 21.3 19.2 
227 13.2 12.5 14.9 ~~:£ 12.5 13.3 228 20.4 22~2 la 23.8 22.9 229 15.9 15.6 1 ·7 1 .5 16.7 16.3 
230 13.3 11.2 .5 13.3 9.3 11.1 
231 11.4 10.5 10.8 11 .• 2 10.8 10.9 
232 17.2 16.7 18.5 17.4 17.2 17.5 
234 13.2 14~4 12.0 15. 16.1 14..2 23 18.2 17.9 20.0 18.5 19.2 18.8 
235 13.9 13.3 14.9 13.0 13.9 13.8 
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Table 43. (Concluded) 
Code Circuit 
Number 1 2 
<tt> (~) (~) Mean (1 )' (2) (3) (7) 
236 1~.5 13.7 19.2 1~.7 16 .. 1 15.3 237 1: ·~ 18., 15.~+ ' 1 6 22.2 17.1 238 15 •. 15. 11.~. 15: 18.2 15.0 
2~9 9.3 11.5 10;1 9·2 10.9 10~2 2 0 13.2 J.4.3 15.6 12.0 12.8 13.6 
24l 16.4 20.0 17.5 18.2 19.6 18.3 
242 13.2 14.3 17.5 25.0 18.2 17.b 
~tti 19.2 1<).2 21.7 16.7 17.9 18.9 17.9 20.4 18.2 15.9 21.7 18.8 
Total 673.5 693.0 703.0 693.7 718.5 695.5 
Mean 15.3 15.8 16.0 15.8 16~3 15.8 
Table 44- Raw Scores and Means ror the 44 Subjects in Group II (5 Circuit Group) on the Sixth Practice Day 
Code Circuit· 
Number 1 2 ~~) . (i) {~) Mean ~1~ ~2) c~' (1) 
201 i~:'~ 21.7 21.~ 16~~ 19.6 19.1 202 18.9 16. ~ 19. 18.9 18.8 
20~ 20.8 1~-9 20.4 17.5 16.1 17.8 20 14.9 1 .1 15.2 14.7 12.8 14.3 
205 25.0 21.3 19.2 22.7 22.2 22.1 
206 11~6 13.0 1%·9 13.5 13.0 13.2 207 15.6 12.8 1 .5 2o.o 1b.o 16.8 208 17·.9 20.4 19.6 16 •. 7 1 .? 18.2 
209 16.7 17.0 17~5 22.2 17.9 18.2 
210 12.2 14.3 15.6 16.1 15.4 14.8 
211 20.0 17~0 20.8 17;2 23.3 19.8 212 15.9 15.6 15.4 15.' 22.7 17.0 
21, 12.0 13.7 13.5 18.~ 13.2 14-~ 21 12.3 12.5 11.8 12. 12.8 12.' 
21,5 13.7 13.5 13.5 12.2 19.2 14.4 
216 20.0 14.7 18.5 17.0 19~2 17.9 
217 14.7 21.3 17 .o 15.2 19~·6 17.5 
218 15.4 13.7 18 •. 5 19.2 19.6 17.3 
219 11.5 13.7 i~:l 1,.J 12.8 12.8 220 . 18.2 16.7 1· .5 17.9 16.6 
221 18.6 4•4 11.0 14-~1 ' ·17.0 14.1 222 15. 1 ·7 12.5 18.2 13.9 15.0 
22~ 12.1 17.2 T9 16.7 16.1 15.6 22 15.6 16.1 1 .5 15.4 16.7 15.7 
225 15.6 14.1 1 .2 17.5 18.2 16.7 
226 17.2 18.9 17.9 22.7 17.9 18.9 
227 13.3 13.7 15.2 13.2 14.~ 14.1 228 17.7 19.2 22.2 23.3 25. 21.6 
229· 16.7 20.8 21.7 18.5 20.8 19.7 
230 11.2' 10.0 10.1 10.5 9·7 10.3 
23i 9.3 12.5 13.7 10.8 10.9 11.iJ-
232 15.2 17.2 18.9 1~.~- 20.JJ.. 17.4 23~ 16.7 1~·9 12.8 1 .1 15.9 15.1 23 18.2 2 ... ~. 30.3 2~.0 21.3 23.8 
235 1L~. 7 17.0 17.2 1 .5 13.7 15.4 
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Table 44. (Concluded) 
. Code.:: Circuit 
Number 1 2 
(a) {~) <t) Mean (1} (2) (3) (?) 
236 15.~- 15.h. 16.~- 15.6 it:~ 16.5 237 16.7 15.6 16.7 16.2 16.1 
238 15.9 19.2 15.2 19.2 16.1 1.7.1 
2~9 9.2 12~3 9.8 11.4- 10 •. 8 10.7 2 0 13.5 1.1.2 15.2 13 • .5 13.2 17.3 
241 17.2 18.5 17.2 14.1 15.i 16~R 242 17.0 23.8 22.2 19.2 19. 20. 24~: 15.6 12~8 19.2 17.0 20.0 16.9 24 . 18.5 18~2 18~9 22.2 18~9 19.3 
Total 691·~- 707 ~9 738.? ?54~ a! 751.8 728.9 
Mean 15.7 16.1 16.8 16.7 17~1 16~6 
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Table !+.5. Raw Scores and Means f'or the 4J+ Subjects in 
Group II (5 Circuit Group} on the Seventh 
Practice Day 
.Code Circuit 
Number 1 2 
<tt> (~) (*) Mean (1) (2) (3) ( 7) 
201 17.5 20.9 17 .• 2 19.6 20.8 19.2 
202 21.3 18.2 21.7 15.~ 18.~ 16.1 
20~ 18.5 13.5 16.1 15. 16. - 1 .o 20 14.1 12.3 12.0 12.2 12.0 12.5 
205 15.~- 17'.0 17'.2 27 .o . 24 LL 20.2 .. 
206 12.0 1g·.2 14-t. 13.5 13.3 13.7 207 17.2 1 ·.3 15 •. 16.7 15.2 15.7 
208 16.~- 14.7 20.0 18.2 19.2 17.7 
209 17.2 20.8 21.3 18.5 21.3 16.8 210 15.4 21.3 14.7 14.1 17.0 1·· .5 
211 18.5 15.9 21.3 20.0 18.2 18.8 
212 19.2 18.2 16.2 20.0 18.2 19.0 
21~ 11.1 1t.7 1 ·4 12.0 13.3 1~.5 21 12.3 1 .1 16.1 13.9 11.6 1 .o 
215 15.1 10.5 14.7 11.0 12~3 12.7 
216 17.5 18.5 18.5 18.5 21.3 18.9 
217 17.0 20.8 1~.2 20.0 21.3 19.7 218 16.1 23.3 1· ·9 19.2 1~.9 17.9 219 12.5 11.2 16.1 14.1 1 .9 13.8 
220 17.5 16.~. 14.5 .19.6 15.2 16.6 
221 17.9 12.0 18.5 17.9 18.6 17.0 
222 15.9 16.7 17.4 19.2 15. 17.0 
22~ 16.1 17.5 16. 19.6 17.0 17.3 22 . 14.5 15.6 1~.7 17.2 15.k 15.~ 225 17.9 20.0 2 .q. 18.9 25. 21. -
226 18.9 16.7 20.0 18.9 20.8 19.0 
227 13.5 16.4 1~-·9 16.7 16.1 15.5 
228 22.7 25.0 20.8 20.0 26.3 23.0 
229 14.6 16.1 18.9 16.7 19.2 17.2 230 11. 13.0 13.5 15.2 14.3 13.5 
231 12.3 12.7 15.9 12.8 16.1.,. 1LL.o 
232 18.~ 17.6 20.8 16.1 17.5 18.1 23~ 16. 15.9 16.1 17.9 17.0 16.6 23 18.2 22.7 18.9 22.2 24.4 21.3 
235 16.1 17.2 13.9 18.5 20.4. 17.2 
1~9 
Table 45. (Concluded) 
Code Circuit 
' 
Number 1 2 
<R> (j) {~) Mean (1 J (2) (3) ( 7) 
-
236 18.9 1t.J 17.2 14.9 13.9 15.8 
237 16.1 1 .1 18.2 14.7 18.2 16.7 
238 15.L. 18.2 17.0 22..7 17.5 18.2' 
2,9 11.4. 12.8 11.4 13.3 9·9 11.8 2 0 12.8· 13.3 12.3 11.1 9.1 11.7 
241 17.9 ~g:~· 23.8 20.0 20.8 20.6 24.2 17.9 17.9 18.9 16.6 19.0 2~ 16~4 17.5 20.0 18.5 1 ·7 17.8 2· 19.2 18.2 19.6 17.5 21.8 19.3 
Total 713.4 740:5 762.9 759.1 772.6 749.6 
Mean 16.2 16~8 17.3 17.2 17.6. 17.0 
TAble 46. Raw Scores and Means for the 44 Subjects in 
Group II (5 Circuit Group~· on the Eighth 
Practice Day 
Code Circuit 
Number 1 2 
<tt) <1> (~) Mean (l) (2) (3) (7) 
201 21~3 17.9 23.3 25.0 30.~ 23.~ 202 17.9 16.7 20.0 22.2 20 •. 19. 
20t 17.2 15.6 23.3 17.5 1,.9 17.9 20 12.3 12.7 12.8 11.0 1· ·£ 12.6 205 17.9 22.7 27.8 26.3 2!1-.. ~ 23.8 
206 14.3 11.8 13.2 16.6 14.9 J.4.2 
2()( 17.2 15.4 12.7 18.9 14.5 15·6 208 17-9 18.2 23.8 21.3 2l.7 20. 
209 21.3 21.7 19.6 17.2 18.2 14.6 210 12.5 13.3 12.1 15.9 16.7 1 .1 
211 16.1 17.9 22.6 28.6 28.6 22.8 212 l6.7 19.2 19. 16.6 20.4 14.1 21~ 12.8 11}. 9 12.7 1 .1 14.7 1 .3 21 . 13.7 13.2 13.9 14.1 14.3 13.8 
215 13.7 10.5 10.2 12.0 13.3 11.9 
216 1b.o 21.3 19.6 19.2 17.0 18.8 
217 1 .4 23.3 22.2 22.7 23.~ 21.6 218 17.9 16.1 20.4 15.2 20. 18.0 
219 12.2 1~.3 11.5 13.9 14.9 13.2 220 "14.9 1 .1 18.9 18.2 14.9 16.2 
221 1~-·9 14-9 9-9 15.6 15.9 14.2 222 1 .1 13.2 17.2 12.8 18.~ 15.6 
22~ 16.9 18.9 20.4 15.9 20. 18.7. 22· 1 .4 16.1 17.5 17.2 15.4 16.5 
225 16.4 20.0 21.3 20.4 23.3 20.3 
226 15.8 20.0 21.7 2~.8 2~.8 21.0 227 15.6 l5.2 16.7 1 ·9 1 ·7 15.4 
228 23.8 23.~ 22.7 23.8 23.8 23.5 229 15.2 20. 20.4 18.2 25.6 20.0 
230 12.2 10.9 10.1 13.9 1l.1 11.6 
231 14.7 15.4 1~.2 14.9 16.1 15.3 232 15.2 22.2 2 ·4 21.3 22.2 21.1 
23, 18.5 18.9 17.5 21.7 18.9 19.l 
. 23 22.7 23.3 26.3 24.4 21. 23.6 
2 2o.o 2 .8 1 .2 1 .2 20 •. 20.1 
Table 46 .. (Concluded) 
Co.de CircuiT; 
Number 1 2 (a) (~) (~) Mean (1) (2) (3) (7) 
236 • 15 .. 6 20.0 16.4 17.0 17.9 17.4 
237 16.4 12.2 18.2 21.7 18.9 17.5 
238 . 21.7 17.2 18.9 18.9 16.1 18.6 
2~9 11.1 11 .• 2 9·3 11.6 10.8 10.9 2 0 10.1 13.5 11.2 14.7 15.4 13.0 
241 20.0 - 19.6 17.2 22.2 21.3 20.1 
2~ 17.0 20.0 17.5. 16.1 18.9 17·9 
~fri 19.2 21~~ 18.9 25~0 19.2 20.7 27.0 24'. !-. 24~&- 19.2 23~3 23.7 
Total 734.0 765 .• 5 790.8 816.2 826.0 786-.9 
Mean 16.7 17.4 1V3.o 18.6 18.8 17.9 
'r32 
Table · 47. Raw Scores and Means for the 44 Subjects 
Group II (5 Circuit Group) on the Ninth in 
Practice Day 
Code Circuit 
Number 1 {j) (a) c1J (*) Mean (1) (2) (7) 
201 22.7 18.2 21'.3 18.9 20.4 20.3 
202 20.2 26.3 22.2 20.4 21.7 22.,2 
20~ 18.2 17.5 15.2 16.1 16.~. 16.7 20 13.2 13.0 13.0 13 ·9 14.7 13.5 
205 16.4 18.2 22.2 21.3 23.3 20.3 
2o6 17.0 15.7 15.9 15.4 13.5 15.5 
207 15.9 15.6 16.7 17.9 12.8 15.8 
208 16.7 21.7 20.4 23.8 27.0 21.9 
209 17.2 20.0 18.2 20.4 23.8 16·9 210 15.1+ 13.7 20.0 17.2 15.6 1 -4 
211 22.2 18.2 24.4 21.7 22.2 21.7 
212 15.9 19.6 20.0 20.0 15.9 18.3 
~i4 11.6 13.~ 16.4 17.0 17.5 15.3 1,. 16. 15.h 19.6 17.2 16.8 
215 1 .1 15.4 12.8 13.9 13.9 lk 0 •• 
216 17.0 15.9 16.4 16.4 18.6 16.9 
217 16 .L~ 17.9 20.4 22.2 19. 16.3 218 14-9 16.4 17.5 14.5 19.2 1 .5 
219 13.2 14.1 14.3 12.8 11.5 13.2 
220 15.2 17.5 17.5 18.9 17.2 17.3 
221 16.4 12.2 14.1 16.1 1~.3 1~.6 222 18.2 16.7 12.7 19.6 1 .1 1 .6 
22~ 18.2 20.4 22.7 20.8 15.9 19.6 22 17.9 17.2 20.~ 18.2 19.2 18.6 
225 18.2 17.0 23 •.. 18.5 20.4 19.6 
226 20.4 17.9 23.3 21.3 27.0 22.0 
227 16.1 16.4 15.4 17.2 20.4 17.1 
228 23.8 21.3 32.3 25.6 29-~ 26.5 
229 ' 17.9 17·9 17.2 20.0 20.4 18.7 
230 14.7 12.8 15.4 17.0 16.4 15.2 
231 13.5 12.5 14.9 12 •. 8 13.0 13.3 
232 21.7 18.9 18.5 18.5 20.4 16.6 
23~ 16.7 15.2 13.7 17.5 18.9 1 -4 23 25.6 20.8 23.8 32.2 25.0 25.5 
235 20.0 17.2 18.2 21.3 21.3 19.6 
ll:33 
Table 47. (Concluded) 
Code Circuit 
Number 1 2 
<ttJ (~) <t) Mean (1) (2) (3) (7) 
236 17.2 16.1 15.9 20.4 18.2 17.6 
237 14.5 14.5 18.2 15.2 16.4 16.2 238 1 .7 18.9 20.4 17.2 17.2 17.7 
2~9 11~9 13.5 1,.3 12.5 11.6 12.6 2 0 13.7 12.8 1 .1 13.7 13.2 13.5 
241 - 19.2 24.4 23.8 24.4 21.3 22.6 
242 21.7 17.5 25.0 22.2 19.6 21.2 
~tri 18.9 18.5 20.0 18.9 20.4 19.3 21.3 21.3 17.5. 24.4 24.1i 21.8 
2 
---
Total 764.~:; 756.9 814.7 827.9 822.9 797.2 
Mean 17.4 17.2 18.5 18.8 18.7 18.1 
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Table 48. Raw Scores and Means for the 44 Subjects in 
Group II (5 Circuit Group) the Tenth 
'Practice Day 
Code Circu!l; 
Number 1 2 
<tt) (~) (~) Mean (1) {2) (3) (7) 
201 17.2 21.3 25.0 24.4 22.7 22.1 
202 20.8 18.5 19.2 20.4 24.~ 20.7 
20~ 20.8 23.8 20.4 17.9 il:~ 20.5 20 14.0' 15.4 14.1 13.5 14.3 205 23.3 21.7 19.6- 25.6 24. 22.9 
206 14.7 17.9 20.4 18.5 17.~ 17.8 207 16.1 15.~ 17.9 17.9 20. 17.6 208 21.7 28~ ~ 20.8 22.2 26.3 23.9 
209 20"0 22.7 2o.o 17.9 20.0 20.1 ,. 
210 14.7 15.2 18.9 ih5.9 15.9 16.1 
211 22.2. 19.2 26.3 21.3 26.~ 23.1 212 1,.9 19.2 17.0 23.3 20. 16.1 213 1 ·9 15-.9 14.1 18.2 17.0 1 .o 
214 17.0 19.2 20.8 17.0 17.5 18.3 
215 13.3 11.9 11.4 11.8 11.2 11.9 
216 17.5 16.1 17.0 19.6 18.9 17.8 
217 19.2 20.4 19.2 17 .o 20.0 16.2 218 1!+.3 18.5 1~-.1 15.4 21.3 1 -7 
219 14.7 14-.5 13.7 14.5 16.1 14.7 
220 20.0 19.2 17.2 17 ·9 20.0 18.9 
' 
221 18.2 13.5 1~.2 13.9 14.2 16.0 222 15.? 16.7 1 ·9 18.5 1 .5 15.9 
224 20.0 18.5 18.9 18.5 15.9 18.4 22 1l·9 17.0 ' 1l.5 15.2 16.~ 16~8 225 1 .7 19.6 2 .3 21.7 28. 22.6 
226 16.4. 21.3 23.3 1l.o 18.9 16~3 227 17.2 1~-9 17.9 1 .7 15.4- 1 .6 228 30.3 2 -4 23.3 2~.0 33.3 27.3 
229. 
. 16.2 17.2 21.3 2 .4 26.3 21.8 230 1 .1 14.5 10.1 13.2 16.1 14.0 
231 10.3 11~1 16.1 14~5 14.9 13.4 
232 17-~ 19.6 17.5 19.2 17-~ 18., 
234 16. lr 13.7 17.0 16. 1~.~ 23 22.2 2 .4 27.0 24.1+ 23.3 2 ~3 
235 15.9 1 .5 15.9 19.2 18.5 17.6 
135,. 
Table 48. (Concluded) 
Code Circuit 
Number l 2 
(a) (j) (~) Mean (l) (2) (3) (7) 
236 14-~ 16.1 18.[ 14.5 17.9 17.0 237 25. 19.2 15. l .5 20.4 19.0 
238 18.5 23.8 20.0 17.0 15.2 18.9 
249 10.2 9-l 9-4 10.8 8.9 9-7 2 0 12.2 10.1 11.5 12.5 11.5 11.6 
241 22.2 20.4" 19.2 27.8 27.8 23.(. 
242 21.7 20.0 23.8 18.9 22.7 2l.Lj. 
~~ 22.7 17.5 23.8 20.4 23.8 21.7 19.6 17.9 18'.2 21.7 18.2 19.1 
Tot~1 789.5 795.2 805.7 809.2 855.8 811.3 
Mean. 17•9 18.1 18.3 18.4 19.4 18.4 
Tah1e 49. Raw Scores· and Means i'or the 44 Subjects in 
Group II (5 Circuit Group) on the Retention 
Check · 
:Oode Circuit 
Number 1 2 (~J ~~ J (~ l Mean ~1 J (2 1 {~ 1 (:l} 
201 23.3 20.l.j. 20.0 26.3 2~.6 23.1 202 25.0 23.~ 20.8 27.8 3 .5 26.3 
20, 21.7 20. 14.2 18.9 18.5 19.8 20 15.4 16.~. 1 .1 18.5 ~:4 15.8 205 18.2 29.4 22.2 22.7 23.4 
206 15.9 16.7 16.1 13.3 14.7 15.3 
207 17.0 16.1 
. 17 ·~ 19.6 20.8 18.3 ?08 19.2 26.3 19. 20.4 20.8 21.3 
209 21.3 18.9 2~~8 19.2 17.9 20.2 210 15.2 17.9 1 .1 12 .. 7 14.3 14.8 
211 20.4 17.0 19.2 23.3 22.2 20.~-
212 
. il:~ 17.9 17.9 17.2 17.2 17.5 214 17.~ 21.3 17.~ 16.l.j. 17.6 21 20.4 16 •. 15.3 15. 20.0 17. 
215 14.3 12.5 12 .. 8 12.2 14.5 13.3 
216 19.6 18.5 20.0 25.6 25.6 21.9 
217 21., 18.2 18.2 22.7 19.6 20.0 
218 20. 18 .. 5 1~.1 22.7 21.3 19.h 
219 13.9 i~:~ 1 • 7 16.7 12.8 14·6 220 18.2 17.2 18.8 17.2 17. 
221 17~5 16.l.j. 15.4 15.~ 15.6 16.0 
222 14.3 13.2 17.9 18.2 14·9 15.7 
22~ 22.2 23.3 21.3 18.2 17.9 20.6 22 15.4 18.5 22.7 16.4 22.7 19.1 
225 21.3 21.7 22.2 25.0 20.4 22.1 
226 17.2 19.6 23.3 21.7 27.8 21.9 
227 17.2 15.2 14.9 17.2 19.6 16.8 
228 27.0 27.8 21.7 24.4 20.0 24.2 
229 20.4 19.2 17.0 22.2 18.~ 19.5 
230 13 .. 0 9-7 13.5 10.8 16. 12.7 
231 12.3 12.5 18.5 14.9 13.7 14.4 
232 18.9 18.5 19.6 24.4 22.7 20.8 
23~ 20.q. 16.7 21.7 21.3 21.3 20.3 23 18.E 27.8 24.4 25 .. 0 23.8 23.9 235 24 •. 19.6 18 .. 2 '17 .5 21.3 20.2 
13,6 
Ta.ble 49. (Concluded) 
Code Circuit 
Number 1 2 
cttJ (~) (~) Mea.n (1) (2) (3) (7) 
236 16.9 14.7 1q_.3 17.2 18.2 16 • .5 
237 1 ·7 19.2 22.7 20.0 20.8 16.9 238 1.5.4 17.2 14·9 17.9 17.9 1 ·7 
249 9·9 12.0 11 • .5 8.9 11.8 10.8 2 0 14.3 i3.3 16.1 14.7 17.0 1.5.1 
241 21.3 28.6 22.2 21.7 20.8 22.9 
2~j_2 23.8 17.2 21.7 20.0 23~8 21.3 
~~ 21.7 20.0 18.9 22.2 18.6 20.3 23.8 23.3 18.$ 20.0 19. 21.0 
Tota.1 819.3 818.1 813.8 847.3 8.58 • .5 831 • .5 
Mea.n 18.6 18.6 18.5 19.3 19 • .5 18.9 
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Table 5o. Raw Scores and Means ror the 44 Subjects in 
Group III {8 Circuit Group) on the Equating 
Day 
Code Circuit 
Number 1 2 ~~J ~iJ ~~) Mean ~1) {2 J ~3 J en 
301 1.8 3.2 2.5 3.8 5.6 3.t 302 1.6 2.2 2.6 3.1 3.7 2. 
30{. 1.7 2.7 3.2 3.6 3.5 2.9 30 3.1+ t·9 ~·7 . 10.4 11.2 7·91 305 2.9 .3 .4 7.0 4.4 5.o 
306 1.6 2.~ 3.9 3.1 4.o 3.1 307 1.8 1. 1.5 ~.6 ~:~ 2.4 308 2.2 3.,7 2.8 .o 3.2 
309 1.~ 2.1 3.5 3.t 3.1 2.7 310 li~ 2.3 7.7 5. 8.9 5.2 
311 2.2 2.8 3.3 5.1 ~.o 3.3 312. 1.5 4.5 5.4 ~·6 .8 3·6 31~ 2.0 2.9 3.2 .8 5.2 ~:6 31 . 3.5 3.4 5.2 3.8 7.2 
315 1.6 1.7 2.8 2.4 3.6 2.4 
316 1.2 3.4 4-3 4.4 6.7 4.0 
317 3.1 4.9 5.2 4.0 5.4 4.5 
318 1.6 2.4 6.5 5.3 5.7 4-3 
319 2.6 4.1 6.1 3.6 6.4 4.6 
320 1.0 3.4 2.5 3.3 4.0 2.8 
321 1.5 5.0 4.4 6.2 5.3 4-5 322 1.6 3.6 4.0 4-7 6.0 4.0 
32~ 3.7 3.0 ~-7 5.3 8.5' ft·o 32 1.4 4·'6 .5 3.1 6.8 .6 325 2.0 4. 5.1 8.6 6.6 5.4 
326 1.1 1.3 2.2 3.5 2.7 2.2 
327 4-4 4.5 6.2 8.6 8.1 6.4 328 3.1 3.4 8.0 7.0 9.6 6.1 
329 1.0 ~·9 2.3 4.2 3.7 3.0 330 1.7 .o 2.8 4.6 5.4 3.7 
331 2.1 '2.·6 ~·2 5.0 6.2 ·t.o 332 2.5 6.6 .4 8.2 8.7 .5 
333 1.7 2.7 2.8 2.4 3.1 2.5 
334 ~·4 3.~ 3.6 3.·o 4.6 ~.6 335. .o 5. 4.0 3.6 3.5 .1 
13,9 
Table SID. (Concluded) 
Code Circuit 
Number 1 2 ~tt J {~J {~) Mean {lJ {2 J {3 J {:Z) 
336 3.8 6.1- 4.3 4.8 5.1 4.8 
337 2·3 2.5 4~2 /i.2 2.8 ~·4 338 2.1 4.:b ~.6 5.6 6·9 .7 
3l6 2.1 ~·3 .2 5.~. .3 4.5 3 ' 2.3 .o 4-7 5.5 4.6 4-.6 
,, 
3r 3.0 6.7 g.6 7.6 7.6 g:4 3 2 3.7 -~.5 ·9 1.7 7.2 ~~- 3.8 ·7 5.1 7.0 5.8 5.7 ~.o ~-2 5.2 6.1 7·2 2.1 
Total 102.9 1(5?,.5 190.6 213.6 248.7 183.5 
Mean 2.3 3.8 4.3 4-9 5.6 4.2 
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Table 51. Raw Scores and Means for the 44 Subjects in 
Group III ( 8 Circuit Group). on tho F-irst :P-ractice 
Day 
Code Circuit 
Number 1 2 
cttJ {~) (~) c¥ J (~) ~ Mean {1) (2 J (3 J ( ) . ' (10) 
301 m.B ~~6 B.S 10.2 11.1 12~z 8~6 11.1 9.5 302 5.9 ~6 7.0 9.3 '7~6 8. 7.6 8.8 7.5 
304 5.2 7.6 '7 .8 7. 7 6. 8.3 8' 11.1 7 .• 9 30 8.4. 12.5 12.6 14.~ 13~6 14.7 15:6 17~5 13 ;8 3?5 9.8 7-.7 7.3. 9· 6. 8.7 8.4. 10.6. 8.6 
ac6 '6·7 11.6 11.1 14.3 18.5 11.4-· 15.4 15.9 13.5 307 ~:~ '6.3 ·iit '6.3 8.5 9·9 7.4- 11.9 8.3 308 '6.8 .5 8.3 11.8 13.0 10.9 8.8 309 6.2 6~6 7.8 7.8 7.0 8.8 7.5 7.0 310 
·9. 9-.3 10.6 12.8 10.4- 11.2 15.4 14.7 11.8 
311 8.8 7.6 8.5 7.5 8;5 8 8 8.a:· 10.5 !!.8.~ 
·-312 7-4- 7.4 8.2 8.2 8~6 10.3 9-~ 9·7 8.6 31~ "5. 7 6•2 10~1 8.1 8.6 9.2 9· 8.3 8.5 31; 6.2 .8 . 8.6 8~l io.8 10.2 9·7 11.9 6•1 31;.5 5.8 8.1 6~2 5 • . 6.2 5.4 7.5 7.3 .5 
316 6.8 7.4 8.'6 9·4 8~6 6:~ 8.7 8.8 8~5 317 5.8 8.3 7.6 8.0 9.·6 10~1 12.3 8.6 
318 "5.2 7.3 7.2 9·7 10.8 - 9·7 10.6 1;0.9 .9.0 
319 "6.9 7.5 ·8.2 "5.9 i0.3 ·s.1 11.9 13.2 6•0 320 6.~. 1·7 6.5 6~3 6.3 6.8 7·7 6.8 ·9 
321 ·5.4 l•o 9·2 8.6 8.8 8.8 8.8 8.5 9.1 322 6.1 .8 9 •. 1 8.3 12.0 12.0 13.5 12.3 10.0 
32, 7.8 i1.0 9.8 14.7 12.3 11.1 13.0 11.2 11.~ 32 7-9 ·6.5 11.6 9·7 10.1 12.0 13.3 11.9 10 •. 325 6.~. 6.2 7.5 8.6 9·9 11.5 9-4 8.7 .8.5 
326 4.2 4.3 5.3 5.8 6.8 7·6 8.8 8.9 6.5 327 .9·3 11.2 9.8 11.8 10.8 11 •. 16.1 11.4 11.5 
328 10.1 J).3 10.5 12 .. 2 11.9 13.7 il.5 11.5 11.8 
329 6~5 b.8 8~5 9.2 11.4 11..8 16.1 14.7 10.7 330 .5.6 .5 6.6 8.8 10.0 10.2 7.0 10.0 8.1 
331 6.,6 8.5 7·4 8.8 6•3 11.6 10.2 12.7 8.4 332 l0.3 10.4. 11.2 12.2 1 ~1 13.0 12.8 13.2 12.4 
334 ,g:~ 8.1 9-4 9·7 11.6 12.8 11.8 12.l 10.2 33 9·2 11.2 10.4 9.4 11.0 10.5 10. 9 Q . ./ 
335 6.2 9.5 9.3 10 .. 1 1tl1,1J~ 11.2 10.9 1.3;.. 9 10.2 
Table 51. (Concluded) 
Code Circuit 
Number 1 2 (ttJ (~J (~ J {~ J (~.'} {~) Mean ~lJ {2 J {~ J {10) 
. 
336 7.6 9·1 6·3 9.6 11.8 13.0 11.6 13.3 10.7 337 6.0 7.5 .8 7.3 8.1 ~· 7 6.~ 10.9 7.3 338 10.6 11.9 13.2 14.5 lq .• 1 1 .7 16~ . 17.9 14.1 
3~9 6.2 7-4 8.7 10.2 9.0 10.3 10.8 12.0 9·3 3 0 7.5 11.1 11.8 9.6 8.6 9.0 9·7 10.2 9·7 
341 8,:9 9.2 9.5 9.8 9.3 12.3 11.4 10.4 10.1 
342 8.9 8.1 9·3 8.7 9.6 9.0 9.3 10.1 9.1 5~ 9·4 8.8 12.0 12.2 12.7 11.1 9.8 12.5 11.1 10.0 10.0 10.2 13.7 9.? 13.0 1$,2 16.1 12,2 
T0ta1 
317.1 364.8 393.8 423.6 440.9 457.8 476.2 505.4 422.5 
Mean 7.2 8.3 9.0 9.6 10.0 10.4 10.8 11.5 9.6 
Table 52. Raw Scores and Means for the L~4 Subjects in 
Group III (8 Circuit Group) on the Second 
Practice Day 
Code Circuit 
Number 1 2 {~J {~J {~J {~ J {~} {~J {1 J ~2 J {,2 J (10 J 
301 8.1 12.2 9·9 7-9 10.2 9·7 10.9 13.7 10.3 302 7.8 8.2 9·1 8~1 9.6 8.5 9·7 8.9 8.7 
303 10.8 12.5 14.1 10 .. 6 11.9 14.9 15.4 12.4 12.8 
304 18.2 15.9 . 15.2 17.5 17.0 17~0 17~~ 22.7 17.7 3C5 12.~ 12.8 11.6 15.9 11.1 11.6 9· 11.~. 12.0 
306 16.7 14.9 16~7 17.5 13.2 15.4 17.9 18.2 16.3 
307 11.6 14.1 12.8 15.2 12.7 13.3 11.4 13.7 13.1 
308 11.9 12.2 11.2 12.7 13.9 12.8 13.9 12.0 12.6 
309 8.3 9.3 10.5 10.3 6·9 11.4 6•8 8.5 6•5 310 14.7 17.2 17.5 13.5 1 .7 17.2 1 .1 20.0 1 .6 
311 9·8 11.5 10.3 13.0 10.6 11.1 11.5 14.3 11.5 
312 10.6 9·9 11.0 9~8 11.8 10.8 9·6 9·7 10.4 
~M 14.1 12.3 9.8 11.4 12.0 11.1 11.8 13.5 12 .o ~-2 12.8 12.0 1t.l 12.8 11.2 10.4 13.7 12.0 315 
.". 8 6.8 - 6.8 .2 8.3 8.1 8.2 7.5 7.4 
316 11.0 7-9 10.0 10.0 12.7 12.7 12.5 10.8 10.9 
317 9.6 10.9 8.5 9·~ 13.2 10.4 10.5 12.8 10.7 318 11.1 10.9 13.7 ·1~. 1~.5 1~.2 13.9 17.0 13.6 319 9.6 13.7 12.8 1 ·9 1 ·7 1 .• 5 13.3 13.~ 13.4 320 9·7 9-7 10 .. 6 10.2 10.5 11.2 11.6 11. 10.7 
321 8.6 10.0 8.6 10.2 7.8 12.~ 9-3 10.8 9-7 322 14.9 14.5 14.7 13.7 15.6 16. 14 .. 9 1l.t.j 14.9 
32~ 12.8 13.9" 17.2 18.9 17.5 14.9 14.7 16.7 15.8 32 12.2 12.7 15.4 14.5 13.5 18.5 18.9 22.2 16.0 
325 9.8 10.1 12.2 9·8 11.2 11.9 12.3 14.3 11.4-
3~6 6.7 8.7 8.3 8.4 9·9 _12.3 10.5 11.5 1~:~ 327 17.0 J.4.3 14.5 16.~ 12.8 l4 18.5 22.2 328 12.5 14-9 13.9 1~.2 13.5 1.~ 15.9 15.9 11+..a 329 10.9 15.9 13.7 1 .3 15.6  • 16.7 18.8 15.3 
330; .: 9.8 9.1 11.1 11.2 12.2 11. 12.0 12.2 11.2 
331 10.6 9·3 11.2 12.2 12.7 12.5 1.1.9 15.6 12.0 
332 13.7 111..1 16.1 16.1 21.3 16.7 23.8 18.5 17.5 
33[ 17.2 16.4 16.7 21.3 17.0 18.2 15.2 18.2 17.5 33 13.7 13.0 14.1 14.5 15.~ 16.1 18.5 19.2 15.6 335 12.5 13.3 14-9 15.2 15. 15.9 17.5 15 .. 9 ·15.1 
Table 52. (Concluded 
Code Circuit 
Number 1 2 {tt) {~J {~J {~ J '{~) 8 Mean {1) {2 J {3 J { J {10) 
33.5 12.5 13.3 14.9 1~.2 1~.6 1,.9 17 .,5 1~.9 ~-1 336 12.3 13.7 14-g 1 .5 1 ·9 1 ~.5 1,5.2 1 .• 3 '. 2 337 9.3 9-7 10 •. 10.5 11.~. 10,6 10.5 10., 11.9 
338 19.6 18.9 17.2 19.2 15.~- 21.3 27~8 24. 20,5 
3~9 12.5 13.2 14.3 17.2 18.2 13 .. 0 15.6 14.3 J.4.8 3 0 11.8 10.9 11.8 11.6 10.4- 11.6 13.0 14.3 11.9 
341 9.5 12.0 13.5 14.1 13.2 11.6 14.5 13.9 12,8 3~ 9.3 9-7 11.0 10.5 11.4. 11.9 11 .. 9 10.2 10.7 14.3 17.0 15.9 17.0 17.2 17.5 19.2 20.0 17.3 §~ ll.i.,7 12.8 13.3 17.5 17.0 20.8 17.5 13.9 16.0 
Total 
517.3 543.7 558.7 586,6 .586.7 602,6 619.7 649.6 583.1 
Mean 11~.8 12.4. ]2. 7 13.3 13.3 13.7 J.4.o ll.r-.8 13.3 
14'4 
Table 53. Raw Scores and Means ~or the 44 Subjects in 
Group III (8 Cireuit Group) on the Third 
Practice Day 
Code Circuit 
Number "1 2 {~J ~~J ~~J {~~~ ( ~ J (~J Mean {1 J {2 J DJ {10 J 
301 13.2 14.7 15.9 15.2 13.6 16.1 17 .. 2 17.5 15.3 302 8.8 11.8 12.2 9·7 11. 12.7 14.1 12.7 11.7 
30~ 11.6 14.1 14.7 14.5 13.5 15.9 13.7 14 .. 9 14.1 30 18.5 23.3 21 .. 3 21.7 25.0 23.3 23.8 17.0 21.7 305 12.3 13.0 11.8 13.2 15.4 17.2 17.5 15.2 14.4 
306 14.7 18.9 19.6 22.2 25.6 14.5 22.7 22.2 20.1 
307 11.9 12.7 14.3 12.7 13.9 13.7 14.9 14.3 13.t 308. 13.0 13.2 1 ·7 14.3 13 .. 5 13.9 a:4.5 17.9 14. 
309 11.4 11 .. 2 12.5 12.3 11.1 . 9-4 12.5 11 .. 0 11.4 
310 17.0 14.5 17.2 16.7 20.0 18.2 20.0 18.5 17.8 
311 12.3 12.2 13.2 15.4 11.2 13.2 12.0 16.1 13.2 
312 9.0 10.2 9.5 8.8 11.2 13.2 12.7 11.5 10.8 
314 14.9 12.8 14.5 16.1 15.9 12.7 14.1 17.5 14.8 31 12.5 11.1 12.8 13.0 11.t 11.8 13 • .5 13.3 12.4 315 7Q9 7.4 8.1 8.1 11. 8.3 8.3 9·9 8.7 
ld6 9.5 11.4 9.0 8.9 9.2 10.1 13.6 11.0 10.3 
317 12.8 6•7. 12.8 11.8 10.6 11.9 13.7 11.9 11.9 
318 14.5 1 .1 14.1 14.1 13.7 13.0 15.9 1[·9 14·6 319 13 •4 15.9 18.5 23.3 19.2 17.5 19.2 1 .1 17. 320 11. 16.7 11.0 13.3 J4.3 14.5 14.5 14.7 13.8 
321 11.2 11.0 12.3 11.1 13 ·9 13 ·9 11.8 12.2 12.2 
322 15.6 1~.9 14.7 16.4 17-9 14.9 17e0 17.5 16.2 
32, 17.5 1 '. 7 19.6 18.9 15.9 22.2 20.0 17.0 18.2 32 13.9 15.9 1?.0 17.0 20.4 19.2 21.7 21.7 18.3 
325 13 .o 12.2 12.7 12.3 17.2 18.2 17.0 17.5 15.0 
326 8.6 9·0 9.1 10.3 12.7 16.7 9-5 11.0 10.8 
327 16.4 22.2 21.7 22.2 20.4 17.0 23.~ 18.2 20.3 328 14.9 17.5 20.8 21.3 21.3 20.8 29. 28. 2!b.8 
329 13.2 15.2 17.0 17.~ 20.8 20.4 18 • .5 22.2 18.1 330 12.0 13.7 13.3 16.' 13.9 13 .. 7 13.7 13.9 13"8 
331 12.7 12.0 15 .. 9 14.7 14 .. 7 11.8 11~ .• 3 14.3 13.8 
332 15.2 19.6 21 .. 7 18.5 15 .. 2 18 .. 2 15.2 15.2 17.3 
33~ 18.5 16.6 17.9 17.5 17.0 19.6 17.9 21 .. 7 18.7 33 13.2 1 .1 15.9 14.5 14 .. 7 18.5 15.2 15.9 15.5 
335 17.0 17-9 17.5 17.0 17.2 20.8 20.8 18.2 18.3 
14.5 
Table 53., (Concluded) 
Code C:i.rcuil; . 
Number 1 2 3 {~) _{t) ~~·j (~ J 8 Mean {1) {2) QJ n!;J (2) (10) 
336 15.2 14~1 18.6 18.9 15.6 16.7 19.6 18.2 17.8 
337 13.5 13.0 11. 11.8 13.5 15.2 13.0 12.7 13.0 
338 20.8 23.8 23.8 . 20.4 27.0 29.1+ 22.2 22.2 2~-7 
3l9 1~.0 3:2.,2 15.9 16.7 . 13.9 12.5 17.0 14.7 1 .5 3·0 1 .1 13.3 12.0. 12 .. 2 12.5. 13.2 12 .. 8 16.4 13.3 
341 12.7 16.1 15.4 20.8 15.6 16.7 22 .. 2 16.4 17.0 
342 9.6 9.7 12.8 12.7 12.5 12.5 ll.S 13.5 11.9 ~~ 18.5 21.7 20.0 16.4 19.2 16~7 19 .. 6 20.0 19.0 17·2 18.9 12.2 1J:.2 17.5 20.1b 15.9 18.2 18.2 
Total 598.6 646.0 673.4 677.8 692.3 699.9 727.6 715.3 679-4 
Mean 13.6 14.7 15.3 15.4 15.7 15.9 16.5 16.3 15.}+ 
Table 5~ .• Raw Scores and Means ror the 44 Subjects in 
Group III (8 Circuit Group) on the Fourth 
Practice Day 
Code Circuit 
Number 1 2 {~.J {~J {~ J ~~ J {~; (~ J Mean (1 J {2 J ~3} (10J 
301 16.1 17.5 15.2 18.2 17.2 15.9 16.1 16.4 16.5 
302 12.8 14.9 13.9 13.0 t4 15.1+ 13 ·9 14.4 1~.2 30l 15.t 16.t 17.2 14.7 1 .1 18.2 18.2 17.2 1 .4 30 25. 16. 18.9 2a.7 2 .3 25.6 25.0 24.4 23.5 305 12.3 1 .1 16.1 19.2 15.9 15.9 13.5 17.0 15.8 
3o6 17.0 17.9 15.9 20.0 17.2 21.3 22.2 18.2 18.7 
307 1~.9 14.7 12.0 13.0 1l.2 13.7 14.1 15.6 13.6 308 1 .3 1 .3 17.0 17.2 11.9 18.5 19.6 17.2 16. 
309 11.8 14.7 13.0 12.3 11.9 14.7 15.~ 13.7 13.5 310 21.3 15.6 20.8 19 .. 2 18.2 18.5 19. 19.2 19.1 
311 12.2 12.5 13.0 14 .. 3 15.2 12.0 16.7 12.2 1~.5 312 10.6 13.7 14 .. 1 12.3 15.2 13.2 17.2 16.7 1 .1 
31~ 15.9 13.3 18.2 17.0 17.5 16.4 20.4 19.2 17.2 31 11.2 11.6 12 .. 8 15.2 15.2 15.4 14.5 14.9 13 .. 8 
315 8.8 7.5 10.5 9-7 7.5 10.0 10.9 10.2 9·4 
316 11.1 9.6 11.8 11.8 14.3 11.8 '1~.2 14.3 12.2 
317 14.7 14.3 14.1 11.6 1b.o 11.0 1 .7 13.2 1~.7 318 12., 1 • 7 13.7 12.0 1 .1 14.3 13.7 15.9 1 .1 
319 1[· 2,.8 17.5 22.2 20.}+ 20.0 18.5 18.5 19.5 320 1 ·9 1 .3 13.2 18.5 15•9 15.4 14.9 12.5 14 .. 9 
321 14.1 14.9 14.7 12.2 14.1 12 .. 8 13., 14.3 13.8 322 20.}+ 18.9 18.2 23.3 19.2 25.0 20. 18.5 20.5 
32~ 15.9 15.9 18.2 19.2 19.2 19.6 19.2 18.9 18.3 32 15.9 18.9 19.2 20.8 19.6 18.2 22.2 20.4 19.3 
325 13.2 14-9 14.9 16.7 19.2 19.2 20.4 18.5 17.1 
326 8.5 13.2 12.3 13.9 14.9 14.7 13.2 12.2 12.9 
327 21.3 21.7 18.9 18.5 22.2 20.4 25.0 20.4 21.1 
328 19.2 22.7 26.~ 2e·.6 25.6 23.3 27.0 30.3 25.4 
329 17.0 22.2 2q .• 21.7 27.8 20.8 20 .. 8 2fi .8 22.3 330 13.2 12.5 15.4. 13.5 12.8 14.7 15.2 1 ~-5 14.o 
I 
331 17.9 14.9 14.7 14.6 14.6 16.7 17.0 15.9 15.8 332 16.7 20.0 22.7 19. 15. 19.2 19.6 18.2 19.0 
33~ 15.2 19.2 16.7 21.3 16 .. 2 19.6 17·(, 23.8 16.1 33 13 •6 13.9 14.9 15.6 1 .1 18.9 20.lf. 17.2 1 .4 335 19. 17.9 20.0 119. 19.2 18.2 17.0 16~7 18.5 
Table 54. (Concluded) 
:s::: Code Circuit 
Number 1 2 {~J t~J (~J (~) {~ J (~J Mean ~1 J {2 J {3 J {10) 
336 ~·3 14.1 17.0 18.2 19.2 1b.2 15.6 18.5 16.8 337 .1 13.3 13.7 12.3 14.5 1 .7 16.7 14.7 14.8 
338 22.2 25.0 19.2 26.3 23.8 24.4 25.6 26.8 24.3 
3~9 17.0 12.5 15.2 14.7 16.7 15.2 15.9 1 ·7 1~.5 3 0 14-7 15.2 14.3 12.2 13.9 15412 15.9 11.9 1' .2 
3/+1 18.5 18.9 20.4 21.3 17.9 20.8 16.7 19.2 19.2 
3!+2 10.3 11.5 11.1 11.9 11.0 ll.2 11.8 11.8 11.3 
34.3 19~6 18.9 16.7 17.9 17 .. 0 19.2 23.8 18.2 18.9 
3&4 21.7, 20.0 21.1 20.}± 12.2 20.0 12.2. 20.0 20.,2 
Total 686.0 706.3 719.6 749.1 751.4 758.2 782~3 763.3 739.4 
Mean 15.6 16.o 16.3 17 .o 17.1 17.2 17.8 17.4 16.8 
! 
148 
! 
Table 55. Raw Scores and Means for the 44 Subjects in 
Group III (8 Circuit Group) on the Fifth . 
Practice Day 
Code Circuit 
1-TUlllber 1· 2 {~) {~) {~J ~7 J {~ J {~J Mean {1) {2 J {3 J {10' 
301 13.2 17.5 16.4 i6:~ 16.7 18.5 17.2 15.9 16.5 302 13.7 15.4 1b.9 17.2 18.9 13.5 16.b 16.2. 303 16.7 13.9 1 ·t 16.1 16.4 17.5 15.6 15. 16.0 30L~ 17.0 20.0 16. 16.2 16.7 18.9 22.2 18.9 19.1 305 14 .. 9 13.5 1 .7 1 .. 7 12.3 17.9 15.6 17.5 15.6 
306 ao.o 23.8 24.~- 17.9 20.4 21.7 21.7 22.7 21.6 
307 15.2 13.9 13.9 15.2 15.2 13.7 17.0 14.5 1~.8 308 15.9 16.1 13.5 18.2 16.7 13.7 16.4 17.5 1 .o 
309 12.7 13.0 11.8 12.8 15.2 .12.2 9.8 13.9 12.7 
310 17.2 19.6 25.0 22.2 20.0 20.0 20~8 21.3 20.8 
311 12.8 10.9 12.2 10.4 13 .o 13.0 13 .. 5 13.0 12.3 
312 1t.3 12.7 11.9 12.3 12.~ 12.~ 13.0 12.0 12.6 
31~ 1 .1 17.0 17.0 17.2 16.4- 15. 20.4 17.2 17.1 31 13.2 15.2 13.7 19.6 17.0 12.~ 16 .L~ 15.9 15.?t 315 9-7 8.6 9.8 8.9 9.3 9· 9.8 9·7 9·4 
316 9.8 8.8 10 .. 4 12.7 11.6 12.8 12.3 9·1 10.6 317 14-9 12.5 11+.5 14.3 17.0 14.1 11.7 17.9 1h. •. 318 i~:4 17.5 16.7 21 .. 7 19.6 17.0 20.0 20.0 18.3 319 18.5 18.~ 15.4 17.5 21.7 26.3 23.8 16.8 320 13 .o 20.0 16. 15.2 14.9 17.2 19.2 19.6 1 ·9 
321 14.5 1~.6 15.6 13.5 15.9 18.2 18.5 21.3 16.6 322 20.8 2 .4 19.6 17.5 17.0 22.7 18.5 18.5 19c9 
32~ 22.2 21.3 19.6 20.0 17.0 21•7 20.8 25.6 20.6 32 22.7 17.9 15.4 16.1 18.5 21e3 22.2 22.7 19. 
325 17.5 17.5 16.7 20.4 18.9 17.5 13.7 18.5 17.6 
326 15.4 15.2 11.2 17.9 17.5 13.2 17s5 17·9 15.7 
327 16.2 20.0 22.7 23.8 20.0 18.5 20.8 20.~ 20.7 328 2 .3 20.8 18.2 19.6 19.2 25.0 19.2 25. 21.8 
329 17.5 20.8 25.0 25.0 22.7 2~.8 23.8 23.8 22.8 330 17.9 .14.5 13.0 11.6 14.1 1 .1 18.9 16.7 15.1 
331 15.9 17.0 16.7 17.0 15.6 17.2 17.2 16.4 16.6 332 23.3 20.4 25.6 19.2 19. 23.3 23.8 26.3 22.4 
33~ 19.6 15.9 21.7 17.5 19.2 17.5 17.5 17.6 18. 33 15.2 17.9 15.6 19.6 21.3 17.9 17.9 19. . 18.1 
335 17.9 18.2 18.5 17.5 18.5 18.5 16.4 17.2 17.8 . 
Table 55. (Concluded) 
Code Circuit 
Number 1 2 (~J ~~) {~) {~J {~j {~J ~lJ {2) {3) 
336 16.4 15.9 17.2 16.7 15.6 18.2 .18.9 14.9 
337 14 1~.9 18.~ 16.t 1~ .. 9 16.4 16.1 17.0 338 2 .4 2 .4 29. ~ 28. 2 ·t 26.3 29·t 27 .. 0 3~9 1 .4 14-4 19.2 18.9 19. 16.1 1~. 17.9 3 .0 18.5 15. 20.4 17.2 13.9 16.7 1 ·7 14.1 
3tf 22.2 23.3 26.3 20.0 22.7 21.3 21.7 21 .. 7 3 2 11.0 11.6 10.8 10.4 11.9 13.0 13.2 14.1 
343 20.0 15.6 18.5 18.9 19.2 17.2 21 .. 7 22 .. 2 
344 21 .. 1 23.3 22.1 11.2 12.2 22.2 2!±-~ 23.8 
Total 742.5 745.2 774.8 760.6 751.1 776.5 801.3 813.8 
Mean 16.9 16.9 17.6 17.3 17.1 17.6 18.2 18.5 
Mean {10) 
16.7 
16.2 
26.7 
17.7 
16.4 
22.4 
12.0 
19.2 
21.8 
770.0 
17.5 
1LL9. 
. ~!I 
Table 56. Raw Scores and Means ~or the 44 Subjects in 
Group III (8 Cireuit Group) on the Sixth 
Practice Day 
Code Circui£ 
Number 1 2 ~~J {~j {~ j § ~~) ~~j Mean {1) {2 j {3) ~7 j ~10 J 
301 14.9 16.7 13 .. 7 lr 20 .. 0 18.9 18.2 21.3 17.3 302 13.0 15.4 17.0 1 cl 14.3 16.7 15.2 14.1 1[~.9 
30~ 15.2 17.0 17.5 1 .. 4 21.3 17.0 16 .. 1 16.1 17.1 30· 17 .. 9 20.4 17.9 23.3 21.3 23.~ 25.0 19.6 21.1 305 13.0 13.2 16.1 15.9 17.9 16. " 13.9 17.2 15.4 
306 22.7 17.5 25.6 22.7 20.L- 20.8 21.7 25.0 22.1 
307 15.4- 13.l 13.5 15.6 16.7 18.2 16 ~ 15.9 15.6 . -308 16.7 15. 17.5 1~.6 17.2 14.8 18.8 15.2 16.4 
309 13e9 13.0 13.7 1 ~-5 14-~ 12.3 14 .. 3 14.3 13.6 310 20.8 20.0 19.6 22.7 25. 17.0 23.8 23.3 21. 
311 15.9 13.2 14.7 17.2 16.4 14.5 15.2 1t.9 15.4 312 17.9 12.5 17.9 17.2 16.L1- 17.2 16.q. 1 ·9 16.3 
313 18.9 17.9 17.9 15.4- 18e9 20.4 17.5 1?.5 18.0 
314 '13 .2 16.7 14.5 14.5 14.3 17.2 1,.6 14.5 15.1 
315 9.0 8.8 ~.3 1ID~:2 10.2 11.8 1 ·7 13.9 11.0 
316 10.6 13 -~ lt.3 13.7 11.1 13.9 14.9 12.7 13.1 317 16.1 15. ' 1 .1 15.9 12.2 15.2 1t.1 17.2 15 .. 3 318 14.9 15.9 15.6 15 -~- 20.0 19.6 1 -~- 13.7 16.4. 319 20.[j. 20.8 20.0· 24.4 26.3 21.7 25.0 21.3 22.5 
320 20 .. 0 20.4. 16.4. 17.5 17.5 17.5 22.2 18.9 18.8 
321 16.1 15.q. 15.6 17.2 17.9 19.6 16.1 16.7 16.8 
322 17.9 17.0 22.2 20.8 30.3 19.2 23.2 19.6 21.3 
324 17.5 21.3 19.2 19.6 22 .. 2 18.~ 20.0 18.5 19.6 32 18.6 15.2 18.5 20.0 19~2 20. - 18i2 1K.9 19.4-325 15. 15.4 17.5 17.2 21.3 18.2 16 .. 2 1 .5 17.0 
. 
326 11.0 12.5 17.2 19.2 20.8 16.4 18.5 1~.9 16.3 327 20.8 17.0 19.2 22.2 19.6 18.9 28.6 2 .3 21~6 
328 25.0 21.3 '28.6 20.4 21.7 21.7 21.7 24.4 23.1 
329 20.0 21.7 19.2 17.2 20.8 23.8 20.8 22.2 20.7 
330 14.9 13.9 12.5 15.4 15.4 15.6 16$J. 17.9 15.2 
331 18.2 1g-9 17.5 17.9 18.2 18.2 20.8 f£8.~ a.:S'.~ 332 25.6 2 .4 22.2 20.8 21.3 22.7 22.2 22.7 22.8 
333 17.9 18.9 15.? 22.7 20.0 18.9 14 .. 5 20.0 18.5 
334 15.9 17.2 17.5 17.~ 20.8 18.9 18.5 22.2 18.6 335 17·9 16.7 19 .• 2 20. ' 20.8 23.3 19.6 20.0 19·7 
Table 56. ( Conc1 ud~d) 
Code Circuit 
Number ~~} 2 (~} ~~) {~ J (~J {~ J {~). Mean {1} {3) ~lOJ 
336 15.4 18.9 17.2 19.6 12.6 19.2 17.5 18 .. 5 18.2 
337 15.2 17.0 17.9 17.5 1 .~. 14.9 20.0 26.3 18.2 338 25. 22.2 18 27.0 27.0 3~-5 30.3 39.5 28.7 339 17.0 14.7  ·9 16.7. 14.3 1 .7 17.5 19.2 16.~. 
340 19.6 18.5 1 .• l 15.4 17.5 16.4 18.5 13.3 16.9 
341 19.2 21.3 ae.4 20.0 22.2 24.3 24.4- 24.3 21.8 
342 11.5 11.5 14.9 14.9 11.9 l .5 13.~ 1 .7 13.3 ~~ 21.3 21.7 22.2 2 .4 22.7 21.3 20. 22.2 22.0 18.,2 20,.8 21.~ 18.2 20.8 20.0 12. 22.2 20.,2 
Tota1757.4 7L~6.7 779.1 799.5 835.8 819 .. 3 832.p 836.3 801.9 
Mean 17.2 17.0 17.7 18.2 19.0 18.6 18.9 19.0 18.2 
Table 57. Raw Scores and Means :ror the ~-4 Subjects in 
Group III ( 8 Circuit Group) on the Seventh 
Practice Day 
Code Circuit 
Number 1 2 t~J (~J {~) 5 {~ J (~} Mean {1) {2) {3} {7} (lor--
301 22.2 19.6 19.6 17.9 21.7 18.2 21.3 22.2 20.3 
302 14.7 18.2 15.9 16.1 15.9 13.5 15.2 12.5 15.2 
303 20.0 18.9 20.0 19.$ 18.5 21.3 22.2 18.2 19.8 
304 18.5 22.2 21..3 21.7 23.3 21.7 25.0 25.6 22.4 
305 14.9 J.4.9 14.7 14.9 12.2 17.5 18.9 15.4 15.4 
306 20.4 20.8 22.2 20.4 17.9 19.6 18.9 18.5 19.8 
307 14.5 16.1 16.7 15.9 14.3 17.0 16.1 17.0 1~.9 
308 17.2 18.9 19.2 22.7 20.4 18.2 17.9 16.4 18.9 
309 15.2 13.5 12.8 1~.1 16.7 14.5 14.7 13.2 14.l 310 18.2 18.5 19.2 1 .1 19 .. 6 19.2 22.7 21.7 19 •. 
311 16.2 17.0 14.3 17.2 15.6 17.5 22.2 14.5 16.8 
312 14.5 12.3 15.2 11.,9 13.9 15.6 15.2 18.5 14.6 
3ll 17.2 16.1 18.5 .21.7 17.2 18.5 20.0 22.7 19.0 31. 13.9 17 •. 9 14.3 19.2 21.7 1t.2 18.5 16.4 17.1 
315 11.5 13.9 12.2 13w2 10.4 1 ·7 14.9 15.4. . 13.3 
316 12.2 12.5 10.6 10.9 14-6 12.8 13.2 12.8 12., 317 1h.5 14.7 
-1g.6 16.7 15. 17.0 16.1 20.8 16. 
318 
. 
14.5 14.3 16.7 16.1 15.4 13.3 1 .1 17.2 17 .o 
319 23.3 23.8 20.0 19.6 16.7 22.7 19.6 28.6 21.8 
320 17.9 16.7 17.2 18.5 20.8 23.8 20.0 22.7 19.7 
321 16.4 13.3 16.7 17.2 13.9 16.~. 14.9 14.b 15.~-322 20.0 20.8 24.4 23.3 20.8 21.3 21.7 28. 22.6 
32~ 16.~. 18.9 17.0 16.3 20.8 27.0 23.8 30.3 21.~. 32 22.7 14.9 21.7 18.9 19.6 17.2 21.7 19.6 19.5 
325 16.4 14.9 16.1 20.8 18.2 21.3 17.5 17.2 17.8 
326 10.9 15.9 16.4 17.2 14.7 15.2 14.9 17.5. 15.3 
327 18.2 18.9 23.3 18.5 23.3 25.0 23.8 23.3 21.8 
328 23.8 31.2 21.3 22.2 20.0 22.2 30.3 27.8 24.9 
329 16.4 16.2 22.2 26.4 29.4 2~.6 22.2 24.4 23.2 
330 . 1.7.0 1 .4 14.3 16. 14.3 1 .• 3 22.2 . 20.8 17.0 I 
331 20.8 14.7 . 19.2 19.6 19.2 .18.9 18.5 22.7 19.2 
332 17~9 20.4 17.2 17.9 21.3 17.9 18.9 23.3 19.3 
33~ 20.0 18.5 15.2 20.8 17.9 17.2 26 .. 3 17.5 19.2 33 17.0 16.7 17.0 16.7 17,.5 15.9 15.2 20.0 17.0 
335 19.2 20.4 22.7 25.0 20.0 21.7 20.0 24.4 21.7 
Table 57. (Concluded) 
Code Circuit 
Number JL 2 
. {~) {~J {~ J {~) {~ J {~ J Mean (I J { 2 J { .2 J (10 J 
336 20.4 22.2 18.2 17.2 21.3 25.6 20.4 25.0 21.3 
337 16 .. 7 20.0 17.9 15.4 17~2 17.5 17.9 17.5 17.5 
338 22.2 23.3 25.0 25.0 31.2 27.0 23.3 29.4 25.8 
349 17.5 15.6 15.4 16 .. 4 16.2 16.7 21.7 20.8 17 .. 9 3 0 18.5 15.6 16.4 18.9 1 .7 18.5 17.5 19.2 17.7 
341 18.2 18.9 20.8 20.8 21.3 21 .. 3 21.3 20.7 
342 11.4 13.9 13.0 11.1 11.4 14.1 14.7 13.0 
344 22.7 20.0 22.2 20 .. 8 "18.2 19.6 23.8 21. 34 26.3 20.0 22.2 23.8 18.2 21. 22.2 22. 
Total 777.2 785.6 789.3 809·7 810.2 834-7 867.9 895-4 821.1 
Mean 17.7 17.7 17.9 18.4 18.4 19.0 19.7 20.4. 18.7 
Table 58. Raw Scores and Means for the 44 subjects in 
Group III (8 Circuit Group) for the Eighth 
Practice Day 
Code =e-rr cui =E 
Number 1 2 
ttt J t~) t~) ~ 6 t~) a-- Mean {l J {2) (JJ { 01 {2) {10) 
301 14.5 21.3 19.2 16.6 19.6 20.~. 20 .. 4 2~-4 19.9 302 17-9 15.6 13.3 1 .4 14.3 17.0 14-7 l .1 15.7 
303 Z1.3 18.2 17.9 16.1 20~8 19.2 17.9 21.7 19.1 
30t 17.9 22.2 17.2 26.3 26.3 33.3 26.3 21~.4 2}+.1 30 17.2 15.9 14.1 17.2. 20~8 18.2 19.6 15.4 17.3 
306 u-3 26.3 2t.4 20.8 20.8. 26.3 26.3 27.0 24.4 307 .3 . 16.7 1 • 7 15.2 16.6 15.6 16.1 14.3 16.0 
308 18.5 14.9 1~.6 16.7 1 ~1 19.2 20.!~ 20.1 18 .. 2 
309 13 .o 14.3 1 .7 14.9 18.5 17 .. 9 16.7 14.5 15.8 
310 17.5 23.8 19.6 21~3 20.8 18.2 26.3 20.8 2ili.O 
311 17.0 14.1 17.9 19.6 16.7 19.2 13.9 20.0 17.3 
312 15.2 13.2 ·16. 7 13.0 15.4 12.8 13.2 1,.2 14.3 
313 17.0 19.6 19.2 21.3 19.2 19~6 19.2 2 .4 19.9 
314 17 .. 0 17.0 19.6 18.2 18.9 19.2 20.}+ 15.2 18.2 
315 12.3 11.5 12.0 14.1 12.5 15.}+ 12.8 13.7 13.0 
316 14.5 16.1 16.1.~ l~-7 17.5 15.!+ 17.9 18.5 l6.k 317 17.2 16.7 18.9 1 .4 15.9 20.1+ 15.9 19.2 17. 
318 14.7 16.7 16.7 16.7 1~*6 17.9 18.5 17.0 16.7 319 21.3 16.1 20 .. 4 25.0 2 .1+ 20.0 25.0 16.7 21.1 
320 18.5 17.9 16.4 23.3 17.0 18.9 22.7 20.0 19.3 
321 13.0 14.9 14.5 15.9 16.4 15.6 16.1 15.2 15.2 
322 19.6 23.3 21.3 18.9 23.8 20.4 17-9 2[.0 21.3 
32~ 19.6 21.3 18.2 22.2 23.3 2L~.4 2~.0 2 ·t 22.3 32 21.7 17.2 25.6 18.5 20.0 20.4 2 .4 28. 22.1 
325 13.7 20.8 18.5 18.9 19.6 19,2 18.2 22.2 18.9 
326 15.9 17.2 15.6 15 .. 6 17.9 16.1 17.9 19 .. 2 16.9 
327 20.0 20.0 20.0 28.6 2~ .• 4 24.4 29.4 25.0 24.o 
328 19.6 22.7 23~8 22 .. 7 22.2 22.7 23.8 20.8 22.3 
329 20 .. 0 23.3 24.4 18.2 18.9 23.8 29.1+ 24 .. 4 22.8 
330 17.9 15.9 14.7 17.5 22 .. 2 23.3 17 .. 5 14.3 17.9 
I 
331 18.2 17-9 19.2 22.2 20.8 20.4 18.2 22.7 20.0 
332 18.9 17.2 21.3 18.9 22.2 22.2 20.9 26.3 21.0 
33~ 21.7 16.1 16.7 18.9 18.2 20.4 20.8 22.7 19.4 33 15.2 16 ·~- 18.5 17.5 17.2 21.7 18.9 20.0 18.2 
335 18.5 19.6 19 .. 6 19.6 24.4 17.2 23.8 23·3 20.8 
Table· 58. 
Code 
Number 1 (1) 
336 
337 
338 
3~9 3 0 
341 
342 §~ 
I Total 
Mean 
i. 
I 
(2) 
19.6 
18.9 
2~.4 1 .2 
17.0 
21.3 
14.5 
2l.7 
16. 
785.5 
l:Z.8 
( Conc1 uded) 
CIRCNIT 
2 
<tt) (~) (~) 6 (~) 8 Mean (3) (7) ( 9) {10) 
.-
21.3 21.7 20.~ 24.4 19 .. 6 2_5.0 22 .. 7 21.8 
16.7 17.9 19. 18.2 18.2 16.2 17.5 18.3 
30.3 2_5.0 30.3 32.3 27 .. 8 2 .3 28.6 28.1 
17.2 22.7 17.5 17.6 18.5 22.2 23.8 19 .. 8 18.2 19.6 18.2 19! 17!5 20.0 19 .. 6 18,.7 
17.5 - 24.4- 20.4 20.0 22.7 
11.9 15.2 14.;9 14.1 i4e9 
19.2 23 .. 3 23.8 28.6 2 .o 
1 .2 18.2 21.3 1 .6 
816.9 819.6 847.0 871.2 882._5 904Ql 909.5 854~5 
18.~ 18.6 12.2 l2.8 20.0 20.6 20.7. 12.!± 
Table 59. Raw Scores and Means for the !t-4 Subjects in 
I Group III (8 Circuit Grou~ on the Ninth Practice Day 
I 
I 
Code 1Jircuit 
Number 1 2 3 {~ (~) (~ J ~~) {~) Mean (1!) {.2) (;2 J {~J {10) 
I 19.2 22.2 17.9 20.8 20.0 23.8 1;$.5 21.7 20.4 3011. 
302 19·.2 18.5 15·.2 13.2 15.4 15.6 15.6 17.5 16.~ 30~ 14.9 18.9 18.9 16.1 21.3 21 .. 7 20.0 15.2 18. 30· 18.9 18.9 17.5 18.9 22.7 2b.8 26.3 29.4 22 .. 5 !3.05 17.9 14.7 14.1 17.0 17 .. 2 1 .4 18.2 18.5 16.7 
I 
306 19.6 23.3 21.3 28.6 22.7 25·.0 20.8 27.8 23.6 
307 1h-1 14.7 14.5 16.7 16.7 16.7 17.9 16.4 15.9 
308 19:6 18.~ 18 .. 2 18.9 19.2 . 18.t 20.4 20.8 19.3 309 1ft.6 16. 19.2 14.5 22.2 16 •. 18.2 26.3 18.6 31p 2 .4 20.0 20 .. 4 19.2 22.7 22.7 31.2 24.4 23.2 
31~ 17.5 18 .. 9 16.1 17.0 18.5 20.4 20.0 17.2 18.2 
312 14.7 13.2 13.5 1~.5 17.9 14.3 13.7 1%·9 1~-· 3 
31t 20.0 17.0 23.~ 1 ·7 21.7 19.2 20.8 1 .5 19 .. 6 31 20.8 16.6 20. 17.9 18.~ 20.4 17.9 19.6 19.1 
315 14.5 13.3 13.3 13.2 10. 13 .. 3 16.7 13.5 13;.6 
316 16.7 1t.3 13.7 15.9 15.h . 13.7 15.6 11.9 14.6 317 20.8 1 ·7 17.2 1~.2 1, .. 6 17-9 21.7 20.0 18.6 318 16.1 20.4 18.5 1 ·7 2 .4 17.5 17.5 20.8 19.0 
319 20.8 21.7 22.7 23.3 22.7 27.0 25.0 22.2 23.2 
32b 23.3 19.6 17.9 21.7 20.8 23.3 21.7 19.2 20.9 
i 
32l 14.9 16.7 i4.1 16.7 17.0 16.1 14.9 15.9 15.8 
32g 23.8 23.8 17.5 25.6 20.0 21.7 23.8 22.7 22.4 
324 19.6 22.,7 20.8 27.0 21.7 22.7 19.2 25.6 22.4 32 18 .. 9 15.~ ,1~.6 20 .. 0 21.7 17.9 20 .. 0 17.0 18.9 32p 17.0 15. 1 .1 17.9 18.9 :J-6.1 17.0 15.9 16.8 
I 
I 
15 .!~ 1!~.5 326 18.9 20.8 15.6 20.0 20.8 18.5 18.1 
3217 22.2 23.3 20.4 26.3 28.6 . 24.4 22.2 23.8 23.9 
328 23.8 21.3 23.8 22.7 22.7 21.2 19.6 28.6 23.0 
32FJ 20.8 18.5 24.4 26.3 19.2 24.4 22.7 21.7 22.3 
336 16.7 15.9 18.9 14.3 20.4 22.\f. 18.9 18.2 18.2 I 
331 22.2 15.4 22.7 22.7 17 .-~~- 15.2 16.1 17.0 18.6 
332 21.3 17.0 17.2 20./+ 23 .. 3 20.8 19.2 22.2 20.2 
33~ 18.9 18.5 17.5 24 .. !i- 23.9 25.0 24.i 25.0 22.2 33 1 16.4 15.9 19.2 20.4 18.9 . 17 .. o 19 • 17., 18.1 
335 23.3 24.4 22.7 23.8 18.9 2~ .• 4 25.6 24. 23.4-
Table 59. (Concluded) 
Code Circuit 
Number 1 2 3 {~J {~) 0 {~ J {~ J Mean ~1) {2) {3) {4) {7 J ~10 J 
336 22.2 20.8 21.7 21.3 21.3 20.4 20.4 22.2 21.3 
337 17.2 17.2 24.4 18 .. 5 18.2 17.0 18.9 22.2 19.2 
338 2q .• 4 30.3 32.3 31.2 30.3 25.0 35~7 39.5 31.1 
3~9 15.4 17.9 16~1 17.;5 18.2 17 •. 5 20.8 20.8 18 .. ,0 3 0 15.L~ 20.0 16·.·7 15.4 16 •. 1 21.-3 18.9 19.6 17.9 
341 18.2 20.0 20.t 19.2 22.2 19.2 18.9 20.8 19.9 
342 17.0 15.t 11. 15.6 15.4 14.9 14.~ 13.7 14.8 ~~ 30.3 25. 25 .. 0 20.0 23.3 23.8 25. 27.8 25.2 22.2 17.5 13.9 16.4 18 .. 9 17.5 16.4 23.2 18.3 
Total 849~5 828.1 826.4 859~1 882.9 878.9 889.2 915.9 866.0 
Mean 19.3 18.8 18.8 19 .. 5 20.1 20.0 20.2 20.8 19.7 
Table 6o. Raw Scores and Means for the 44 Subjects in 
Group III (8 Circuit Group) on the Tenth 
Practice Day 
Code Circuit 
Number 1 2 ~~) ~~) {~ J {~ J {~} C~J Mean {1) {2' {3) {1.0) 
301 18.5 22.2 1?.5 21.3 18 .. 9 22.2 18.9 19.6 19.9 
302 15.4 15 .. 4 20.0 17.9 20.8 20.-0 21.7 20.8 19.0 
3~~ 17.9 18.9 18.5 18.9 21.7 20.0 18.9 23 ... 8 19.8 30 . 21.3 20.8 27:0 27.8 25~6 25.6 2t·4 25.6 2t.8 305 17 •. 5 15.6 14~3 19.2 16.4 13.2 1 .1 15.9 1 .o 
306 23.~ 23~8 29~4 22~2 28,.6 25,.6 25.0 25.6 25~4 307 16. 13.5 17~2 15-~~ 18!"9 17 .. 9 15.6 15.9 16.4 
308 16.4 16~7 21.3 19. 20.0 19.2 16.7 21.3 18.9 
309 15.,2 20.8 20 • .0 19~6 18!"9 18,.5 18.5 17.0 18.~ 310 17.2 18.9 19.2 20.4 20.0 21.3 20.8 25.6 20. 
311 19.6 1~ .. 6 19.2 19.2 20,.0 17.9 17.2 17.9 18.8 312 15.2 1 .4 20.0 19.6 18.9 17.0 19.6 17.9 18.1 
3ll 22.7 16.5 22.2 23.3 20.t 28.6 20.4 20.0 21.9 31, 18.9 1 • 7 17.0 . 16.7 19. 25.6 20.8 18.9 19.3 
315 15.2 10.1 12.0 13.9 15 .L!. 12.2 15.2 13.7 13.5 
316 1h..3 14.1 14.1 ~-9 13.7 15.2 13.9 15.9 14.5 
317 17.5 17.2 15.~ 1 ·9 17.9 16.b 18.9 17.2 17.5 
318 17 .. 5 17.5 15. . 17 ~ 0 15.2 15. 14.9 18.5 16.5 
319 25.6 21.3 27.8 23.8 23.3 22.7 30.3 27.0 25.2 
320 . 22.7 23.8 20.~. 19.6 20e0 22.2 20.0 18.2 20.9 
321 14.7 13.0 13.5 13 ·9 13.0 17.5 17-e. 14.7 14.7 322 20.0 23.3 23.3 21.7 23.8 21.3 24. I. 24.L~ 22.8 
32~ 20.8 22.7 19.2 23.3 23.3 ~ 22.2 20.0 23.3 21.8 321 20.0 19.2 27.0 25.0 26.3 . 16.1 29.~- 22-7 23.2 
325 18.2 17.0 14.7 18.9 19•2 20.8 20.0 20.8 18.7 
326 12.7 14.1 23.7 19.6 15.4 19.2 17.9 20.0 17.8 
327 22.·7 32.3 2~~0 2!~.4 29 .L~ . 24.4 21.7 22.7 25.3 328 21.3 25.6 2 .L. 25.0 31.2 22.7 30.l 23.3 25.5 
329 20.8 28.6 24-~ 22.,2 25.0 25.0 24~ . 23.3 24.2 3]0 14.7 1!5.6 19. 16.7 20.~. 18.5 17.5 21.7 18.1 
I 
331 .17 .o 18.9 17.9 21.3 20.8 20.t 19.2 22.2 19.7 
332 20.Lk 22.2 20.8 17.9 19.6 19. 19.2 22.7 20.3 
33~ 21.7 18.9 23.8 22.7 23.8 18.9 18.5 20.Lj. 21.1 33 16.7 19.2 17.0 22.7 20 .Lj. 17.9 20.0 23.3 19.6 
335 19.2 19.6 21.3 20.4 18.5 23.3 27.8 22.2 21 .. 5 
Table 6o. (Concluded) 
Code Circuit 
Number 1 2 {a, ~~ (~ J 0 {~} a- Mean (1 J (2) {3 J (7) ( 2 J (10) 
336 27.0 20.~ 21.3 2l.l 22.7 22.2 25.0 19.2 22 .. 4 
337 20 .. 0 19. 14.9 24 .. - 21..7 21.7 16.7 19.6 16.8 
338 23.3 21.7 24;.~- 31;.2 26•3 26;.3 27.8 27.8 2 ;.l 
339 21.3 17~0 17 .. 9 21 .. 7 21.3 18.5 16.7 19.6 19;.2 
340 21.3 21.7 21 .. 7 21.7 20.0 23.8 16.1 19.2 20.7 
341 19.2 21.7 22 .. 2 25-.o 22;.7 20;.8 23.8 26.3 22.7 3/+2 15.9 14.5 15 .. 9 17.5 14.5 17.2 16.7 15.6 16.0 
3fr4 16.~. 19.6 22.7 25-.6 25 .. 0 25.6 .21.7 23.8 22.6 20.0 2_5·.6 23.3 20~8 22"..7 22;.2 22.7 26.3 2~.0 
Total 833.5 852.9 888.5 914.6 921~3 903.6 903.0 921.5 892.1 
Mean 18.9 19.4 20.2 20.8 20.9 20.5 20.5 20.9 20.3 
Table 61. Raw Scores and Means :for the 44 Subjects in 
Group III (8 Circuit Group) on the Retention 
Gheck 
Code Circui=t 
Number 1 2 3 (~) (~) Mean (1) (2) (3) (4) (?) 
301 18.9 23.3 16.4 16.1 19.6 18.9 
302 18 .. 2 22.2 19.2 18 .. 5 20.,4 19.8 
30~ 2o.L. 18.9 19&6 18.9 22.2 20.0 30 24.4 22.2 ' 27.0 27a0 20.8 24.1 
305 20.0 17.9 18.2 17.9 19.2 18.6 
306 20.4. 20.0 18.9 21.7 31.2 22~5 
307 13 .. 9 19.2 18.5. 17.2 16.7 17.1 
308 16.1:!. 21.7 22.7 21.7 22.7 21.1 
309 15.9 20.0 20.0 20.~. 18.5 19.0 
310 18.9 20.0 23.3 26.3 25.6 22.8 
311 17.3 16 .. ~. 14.5 15.2 1~.1 15.5 312 17.3 16.7 15.2 20.4 1 .1 17.1 
31R 21.3 14.9 20.8 24.4 23.3 20.9 31 20.0 21.7 18.2 29.4 2ib.7 22.2 
315 13.7 15.~. 11.6 13 ·9 13.3 13.6 
316 16.1 15 .. 2 17.5 17 .. 2 16.1 16.4 
317 17.0 20.0 17-9 17.5 20.0 18.5 
318 15.t 18.9 21.7 20.8 15.9 18 .. 5 319 19. 26.3 29.4 22 ... 7 20.~. 23.7 320. 20.4. 21.7 20.0 22.2 22.7 21.4 
321 16.1 14.5 18.9 19.6 17.0 17.2 
322 20.0 21 .. 3 25.0 21.3 22.7 22.1 
32[ 27.0 30.~ 28.6 I 22.2 21.3 25.9 32 20 .. ~. 24. 23.3 18.9 22.7 21.9 
325 20. 17 .2. 20.8 14.9 20.!.j. 18.8 
326 19.6 17.9 17.2 1~.7 17.9 17.5 
327 22.7 17.9 ~~:' 2 .3 20.~. 22.1 348 22.2 23.3 21.7 25.0 23.3 329 23.8 25.6 23.8 . 31.2 25.0 25.9 
330 18.2 20.8 15.2 16.7 20.8 18.3 
I 
•' 
331 16.2 16.7 20.8 25.0 26.3 21.6 
332 1 .7 13.~ 25.6 20.4 23.8 20.0 333 19.2 16. 22.7 22.2 22.7 20.8 
334 18.2 22.2 20.8 17.5 19.2 19 .. 6 
335 22.2 23.8 19.2 21.3 20.8 2ib.5 
Table 61, (Concluded) 
Code Circuit 
Number 1 2 
(a) (~) . (*) Mean (1) (2) (3) (7) 
336 22~2 23.3 17.5 21.7 22.7 21.5 
337 18.9 22.7 23.3 19.2 18 • .5 20 • .5 
338 32.3 29.~ 29.h 27.8 23 •. 8 28 • .5 
~46 1_5 .. 6 lCI 19.6 17.0 21.3 18.6 /" 2_5.6 25.0 22.7 25.0 27.0 25.1 
341 27.0 25.0 2_5.6 2.5~6 25.0 
342 21.3 13.3 16.1 17 .o 16.8 3frl_ 23.8 23.8 21.3 21.3 23 • 3. 21.3 1 • 6 20.0 21. 22 •. 
Total 879·7 900.1 91.5.9 920.0 934.1 909·9 
Me,an 20.0 20._5 20.8 20.9 21.2 20.7 
162 
Table 62. Age, 17ade, Intelligence ~otient, and Equating 
Scorel f'or each of' the 47 Subjects in Group I (2 Circuit Group) 
Cdde Equating Code Equating 
Number Age Grade I.Q. Score :Number Age Grade I.Q.. Score 
{1) (2) {3 J {~J (!)' {1) {2) {J J . {~J {~) 
101 14 8 104 ~·7 129 12 7 115 4.o 102 i~ 8 108· .6 130 12 7 136 4.2 10{ 8 112 4·9 131 12 7 121 5.0 101 12 7 103 4.1 132 12 7 103 6.8 
105 12 7 11.5 3.2 133 13 7 96' 5.8 
106 12 8 124 ~·8 134 12 7 12.5 8.7 107 i~ 8 120 ·7 135_ 13 8 103 6.8 108 8 111 4·9 1,36 ia 8 105 9.0 109 14 8 104 7·7 137 8 103 7 ·4 
110 14 8 87 3.7 138 14 8 100 5.0 
111 14 8 86 6.8 139 12 7 99 6.9 
112 14 8 100 7.9 140 12 7 109 t·8 11~ 14 8 89 6.4 141 i~ 7 92 .8 11 12 7 91 4~~ 142 7 97 7.4 
115 13 7 89 4·t+· 143 12 7 130 6.3 
116 12 7 115 5.6 144 13 7 120 5.1 
117 12 7 109 5.8 145 12 7 131 10.5 
118 12 7 121 .5.7 146 12 7 136 7.5 
11<9 13 7 137 6.2 147 12 7 107 8.0 
120 12 7 115 5.4 - • r 
T0ta1 601 347 5147 290.1 
121 12 7 105 6.3 
122 12 7 113 6.o Mean 12.8 7.4 109.5 6.2 
12R 12 7 99 10.2 
I 
12 12 7 114 2.5 s. D. ·9 .5 1.4 2.0 
125 15 8 81 6.6 
I 
126 12 7 123 7.5 
127 14 8 127 8.5 
128 13 8 115 8.5 
i 
1/The equating score is the best single circuit score made 
by !.each subject on the equating day. 
163 
Table 65. Age,~rade, Intelligence Quotient, and Equating 
Scor for each of the 44 Subjects in Group II (5 Circuit Group) · · . 
Code Equating Code Equating 
Number Age Grade I. Q,. Score Number Age Grade I.Q,. Score {1) {2) {3) {!!) {2J {1) (2J {~ J {~1 C2J 
. 
201 14 8 108 t·4 226 13 8 108 8.4 202 i~ 8 108 .2 227 12 7 115 3.7 203 8 114 8.3 228 i' 7 139 7.0 ~~· 13 8 149 6.5 229 8 1!2 2.8 13 7 125 9·9 230 14 7 96 7.6 
206 12 7 93 2.1 231 12 7 113 5;3 
207 13 8 123 ~-4 232 12 7 126 6 •. 6 208 13 8 110 .1 23~ 13 7 128 6.0 209 14 8 111 6.4 23 13 7 91$ 7 •. 5 
210 13 8 103 5.2 235 12 7 118 7.9 
211 14 8 96 5.7 236 12 7 109 H 212 13 8 104 6.3 237 i~ 8 109 21~ ll 8 55 4.1 238 8 ~~ 21 7 87 7-9 2~9 13 8 8.0 215 13 7 93 5.1 2 0 15 8 58 5.8 
216 12 7 116 5.6 241 12 7 103 4.4 
21,7 13 7 111 6.1 242 12 7 105 7.2 
218 13 7 119 2.9 ~~ 14 8 101 6·3 219 13 7 118 6.8 ,13 8 1.22 . ·2 
220 13" 7 119 5.6 
Total 578 329 4727 266.7 
221 13 7 112 ~·3 22~ 13 8 120 .9 Mean 13.ID 7.5 107.4 6.1 
22~ 15 8 101 .2 221 13 7 96 7.8 S.D. .8 .5 1.8 1.7 
225 13 7 109 4.8 
1/~he equating score is the best single circuit score made 
by: each subject on the equating day. 
·1:,64 
· .. _.,. / 
'I'a1Dle 64. Age, ~lade Intelligence ~~tient, and Equating 
score-. f0r each of the Subjects in Group 
III (8 Circuit Group) 
Code Equating Code Equating 
Number Age Grade I • Q,. Score Number Age Grade I.Q,. Score {lJ {2J {3 J Ui;J . C~J . ~lJ {2) {3 J Hi) c~ J 
301 14 8 119 5.6 i 326 13 $ l~ID ~.5 
302 13 8 95 3.6 327 i~ 7 141 8.6 304 12 7 126 3.6 328 8 121 4•6 30 12 7 lOb 11.2 329 14 8 114 .2 305 13 8 11 7.0 330 12 7 121 5.4 
306 13 8 107 4.o 331 12 7 132 6.2 
307 13 8 112 ~·5 332 12 7 120 8.7 308 13 8 125 .5 33~ 13 7 124 3.1 309 it 8 93 3.5 33 13 7 110 5.6 310 8 91 8.9 335 12 7 111 5.4 
311 13 7 96 5.1 336 12 7 109 6.1 
312 13 7 90 5.4 337 12 7 119 4.2 
31~ 13 7 99 5.2 338 12 7 107 7·9 31' 12 7 115 7.2 3~9 13 7 11~ 6.3 315 12 7 126 3.6 3 0 13 7 11 6.o 
316 12 7 130 6.7 341 12. 7 118 7.5 
317 13 7 105 5.4 342 12 7 105 7.2 
318 12 7 111 6.~ ~~ 12 7 117 7.0 319 i~ 8 123 6 •. 1~ 7. 126 :Z·2 320 7 103 4.0 
Total 562 322 4911 267.5 
321 13 7 115 6.2 
322 13 8 115 6.0 Mean 12.8 7.3 111.6 6.1 
324 13 7 ~! 8.5 32 i~ 7 6.8 S.D. .7 .5 1.3 1.9 325 $ 8.6 
]] .'I'he equating score is the best single circuit score made 
by \each subject on the equating day. 
